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Abstract
Correlative and interventive approaches to 
the elucidation of relationships between experience and 
biochemical changes in the brain are both subject to questions 
of biochemical and behavioural specificity. The problems 
involved in using these two approaches are discussed with 
relevant examples from the literature.
There are a number of advantages in attempting to 
correlate biochemical changes with the behaviour of newly 
hatched chicks, known as imprinting. The general biochemical 
development of chick retina and brain, and the literature 
which attempts to examine the biochemical basis of imprinting 
using correlative or interventive techniques are reviewed 
and discussed.
The development of four markers of the cholinergic 
system in retina, optic lobe and forebrain was determined in 
chicks at various ages between 7 days of incubation and 21 
days after hatch.
Markers of muscarinic and nicotinic receptors and 
acetylcholinesterase (AChE) and choline acetyltransferase (ChAc) 
activity all begin to develop in the retina 3-4 days earlier 
than in optic lobe or forebrain. All markers show some 
cessation of development in the retina after two weeks 
incubation with a renewed burst of development just before
hatch. This is most pronounced in ChAc development, where two 
phases are clearly apparent.
Development of cholinergic markers is more uniform 
in the optic lobe and forebrain. Nicotinic receptors stand 
out in their early and very rapid development. In optic lobe 
the total number of nicotinic receptors drops sharply after 
hatch.
The effects of exposure of newly-hatched chicks 
to an imprinting stimulus on protein metabolism in general 
and on the metabolism of specific proteins involved in 
cholinergic transmission were determined.
The incorporation of labelled lysine into protein 
was elevated by 11% in the forebrain roof of chicks exposed 
to an imprinting stimulus for 60 min. Glycosylation of 
proteins during 60 min exposure was elevated by 20%, while 
glycosylation during a 60 min period after exposure was 
depressed by 17%. Preliminary attempts were made to 
establish the subcellular destination of the labelled 
proteins and glycoproteins.
AChE activity was affected by exposure to an 
imprinting stimulus, but the nature of the effect was 
dependent on parameters of the apparatus used for imprinting
and does not seem to be directly related to imprinting 
itself.
The total number of muscarinic receptors appeared 
to increase transiently after exposure, but the numbers of 
nicotinic receptors did not change.
The ability of two drugs to disrupt the retention 
of an imprinting experience was tested by measuring the 
approach of chicks to the stimulus on the day after exposure 
and injection.
Cycloheximide, an inhibitor of protein synthesis, 
was found to increase the approach of chicks to the stimulus, 
in a manner unrelated to previous exposure to the stimulus.
An amnesic effect of cycloheximide was observed only when 
chicks were held in the light after injection of the drug.
This effect was greatest when chicks were injected immediately 
before exposure.
2-aminoisobutyrate, an inhibitor of uptake of 
amino acids, was found to be amnesic when injected before 
exposure, but not after, and so this drug may only be 
affecting the chicks' ability to imprint on the stimulus.
The results are discussed in relation to the 
environmental demands on a newly hatched chick, and in 
relation to current concepts of the biochemical basis of 
learning. The value of the correlative and interventive 
approaches is also discussed.
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1CHAPTER 1
GENERAL INTRODUCTION
1. TWO APPROACHES TO THE RELATIONSHIPS BETWEEN BIOCHEMISTRY 
AND BEHAVIOUR
The relationships between the biochemical and 
behavioural sequelae of learning experience in animals have 
been studied and reported in an extensive literature. Most 
reviewers have classified studies as one of two types of 
approaches to the problem. These are generally known as the 
correlative and the interventive approaches. In correlative 
studies, animals are exposed to different environmental 
experiences, usually claimed to represent learning and non­
learning situations, and their brains are subsequently 
examined for biochemical differences that correlate with the 
different environments. In interventive studies, drugs which 
are supposed to disrupt particular metabolic processes are 
given to animals at times relevant to the proposed biochemical 
sequelae of the learning experience. The drug's ability to 
disrupt the behavioural effects of the learning experience 
is used to draw conclusions about the importance of the 
particular metabolic process in the maintenance of the memory. 
This approach can be used to determine the timecourse of 
involvement of such metabolic processes.
Studies which have used either of these approaches 
have been extensively reviewed, most recently and most 
critically by DUNN(1976), ROSE, HAMBLEY and HAYWOOD(1976), 
RAINBOW(1979), ROSE and LONGSTAFF(1979) and DUNN(1980).
2These reviews are quite thorough in scope and adequately 
define the specific criticisms of previous work. Therefore 
rather than repeating this approach, it is intended to 
present a systematic discussion and comparison of the problems 
associated with the correlative and interventive approaches, 
drawing on examples from the literature to illustrate specific 
points. Specific criticisms of the work performed using the 
imprinting paradigm are given in subsequent chapters.
2. PROBLEMS OF BIOCHEMICAL AND BEHAVIOURAL SPECIFICITY
The problems of using the correlative and inter­
ventive approaches can be viewed as problems of biochemical 
and behavioural specificity. This breaks into two parts the 
main question of whether the biochemical changes truly 
correlate with the behavioural modifications intended.
These questions of specificity can in turn be considered at 
two levels. The grosser level of the problems of specificity, 
which in many cases are problems of technique, is whether 
experiments are measuring or interfering with those events 
which they claim to be measuring or disrupting. A finer level 
of the problems of specificity relates to the interpretation 
of the measurements, whether the biochemical and behavioural 
observations are related to each other in an interesting 
manner.
2.1 Problems of Technique
In correlative studies the technical problems of
3biochemical specificity are simply how accurately the 
biochemical measurements can be made. This includes questions 
such as whether the action of non-specific cholinesterases 
are taken into account in the measurement of acetylcholin­
esterase activity. A problem of this type which is particularly 
widespread in the literature (eg. SHASHOUA,1970; ENTINGH, REES 
and BIRD,1975; HERSHKOWITZ, WILSON and GLASSMAN,1975; BATESON, 
HORN and ROSE,1975; CUPPELLO and HYDEN,1976a; SUKUMAR, ROSE 
and BURGOYNE,1980) relates to all studies which claim to 
measure the rate of synthesis or turnover of macromolecules. 
Such measurements are carried out by injecting an animal 
with a radioactive precursor of the macromolecule. After a 
period of incorporation of the precursor, in vivo, the amount 
of radioactivity in the macromolecules is taken as a measure 
of their rate of synthesis. Very few studies have taken into 
account the possible effects that the behavioural treatment 
may have on such factors as regional blood flow, uptake of 
precursor across membranes and changes in the size of the 
endogenous pool of precursor. Such effects can change the 
specific radioactivity of the precursor and hence the radio­
activity of the macromolecules without any change in the rate 
of synthesis. Although this problem is almost universally 
recognised, there are still very few studies which have taken 
these problems into account. HAMBLEY, HAYWOOD, ROSE and 
BATESON(1977) made appropriate checks of possible changes in 
average specific activity of the free lysine pool in their 
measurements of lysine incorporation into protein following 
exposure to an imprinting stimulus. RAINBOW, HOFFMAN and
4FLEXNER(1980) have made an attempt to quantitively correct 
for changes in the specific activity of precursor pools 
when measuring protein synthesis, although this was not a 
correlative study.
Often the choice of biochemical parameters to be 
measured is based on their technical difficulty rather than 
on firm hypotheses. This bias must be considered when 
evaluating the correlative literature, as the metabolism of 
entities other than RNA and proteins have rarely been 
examined.
The equivalent technical problem of biochemical 
specificity in interventive studies is the question of the 
multiplicity of a drug's action. When a drug is administered 
that is known to disrupt a particular process, are the 
behavioural effects of the drug related to the disrupted 
process or other biochemical effects of the drug? Other 
effects may be side effects, if they are unrelated to the 
primary action of the drug, or flow-on effects, if they are 
consequences of its primary action. It is often difficult to 
determine to which of these two classes observed effects belong. 
Puromycin is an inhibitor of protein synthesis, once widely 
used, but less so now because of its side effects and flow-on 
effects. As well as causing glycogen degradation (HOFERT and 
BOUTWELL(1963) and mitochondrial swelling (GMABETTI, GONATAS 
and FLEXNER,1968), puromycin has considerable electrophys- 
iological effects in the brain (COHEN, ERVIN and BARONDES,
1966; COHEN and BARONDES,1967) some of which are not apparent 
with other inhibitors of protein synthesis (COHEN and BARONDES,
51967; LUTTGES, ANDRY and MACINNES,1972).
Drugs which are currently being used in 
interventive experiments, also have side effects and flow-on 
effects. Cycloheximide (CXM), which is very widely used as an 
inhibitor of protein synthesis to study memory consolidation 
(ANDRY and LUTTGES, 1972; FLOOD, BENNETT, ROSENZWEIG and ORME, 
1973; QUINTON,1974; SQUIRE, ST.JOHN and DAVIS,1976; BLOOM, 
QUINTON and CARR,1977; GIBBS and NG,1977) is known to affect 
catecholamine metabolism (FLEXNER, SEROTA and GOODMAN,1973; 
MARKEY and SZE,1976), tryptophan hydroxylase activity 
(AZMITIA and McEWEN,1976), glutamate dehydrogenase activity 
(WEIL-MALHERBE and GORDON,1973) and acetylcholinesterase 
activity (ZECK and DOMAGK,1975).
It is the flow-on effects of these drugs which 
present the most difficult problem, since it will prove far 
more difficult to separate the behavioural correlates of 
these effects from the correlates of the primary effect.
Studies such as that by QUINTON and KRAMARCY(1977), which 
attempted to show a very close correlation of the behavioural 
effects of CXM with the inhibition of protein synthesis, are 
dubious in their ability to separate side effects, let alone 
effects which flow on from the'primary effect. An example of 
such a flow on from CXM administration is the elevation of 
levels of free amino acids in the brain (SPANIS, and SQUIRE, 
1978; HAMBLEY and ROGERS,1979; WOOLSTON, MORGAN and HAMBLEY, 
1979; RAINBOW, HOFFMAN and FLEXNER,1980). This is of particular 
interest because amino acids are themselves claimed to cause 
amnesia (VAN HARREVELD and FIFKOVA,1974; CHERKIN, ECKARDT
6and GERBRANT,1976; GIBB and NG,1977; GIBBS and LECANUET,1980), 
and slowed learning (HAMBLEY and ROGERS,1979) in chicks, as 
well as producing brain lesions in young mice (OLNEY, HO 
and RHEE,1971). Flow-on effects are much more far reaching 
than the elevation of levels of amino acids. All enzymes, and 
hence all neurotransmitter systems, will eventually be 
affected by the inhibition of protein synthesis, and at 
different times depending on turnover rates, stores of 
neurotransmitters, etc.
This first level of the problem of biochemical 
specificity relates to the question of what biochemical 
event the experimenter is measuring or disrupting. This level 
of the problem of behavioural specificity is whether the 
appropriate behavioural tests and manipulations are being used.
In interventive studies, it is a problem of 
whether the task also involves a number of other necessary 
behavioural processes which may be disrupted by the drug.
For instance, rather than disrupting processes associated 
with consolidation of memory itself, the drug may be affecting 
factors such as the animal's activity, ability to discriminate, 
or ability to retrieve stored information. The seriousness 
of these complications depends,to some extent, on the choice 
and design of the behavioural test used. For example tests 
which involve discriminatory choices in maze (eg. FLEXNER, 
FLEXNER, ROBERTS and DE LA HABA,1964), approach to an 
imprinting object (eg. GIBBS and LECANUET,1980), active 
avoidance and some types of passive avoidance (eg. QUARTERMAN 
and McEWEN,1970; FLOOD, BENNETT, ROSENZWEIG and ORME,1973)
7will be particularly susceptible to the effects of drugs on 
activity. SQUIRE, GELLER and JARVIK(1970) demonstrate such an 
effect of CXM on locomotor activity. The formation of 
conditioned aversions to CXM (BOLAS, BELLINGHAM and MARTIN,
1979) requires consideration of the temporal relationships 
between training and CXM injection in some types of tasks.
Also the long-term performance deficits produced by CXM in 
young chicks (ROGERS, DRENNEN and MARK,1974) could influence 
many discrimination tasks. The possibility of other 
behavioural complications such as tonic immobility (HENNING, 
DUNLAP, HARSTON and MacPHEE,1980) and attentional persistence 
(ANSON,1980) must also be considered. While some of these 
complications may be minimized by more careful choice and 
design of tasks, there are still factors such as arousal that 
may be so closely associated with the memory processes as to 
be not easily separated.
This level of the problem of behavioural specificity 
in correlative studies relates to both behavioural manipulations, 
and behavioural tests where they are carried out. As with 
interventive studies, tests should measure the behavioural 
modification which is being presented as a correlate of brain 
changes. The development of a behavioural test which is 
claimed to more accurately reflect strength of imprinting 
(HORN, ROSE and BATESON,1973a) than earlier tests (BATESON,
HORN and ROSE,1972) is a good example. It is more common in 
correlative studies for no testing to be carried out. There 
is also the question of choice of behavioural manipulation.
A common shortcoming of correlative studies is the
8supposition that control animals which are placed in 
situations where they do not learn the task that the 
experimental group of animals is learning, are not learning 
anything. The effect of the experience of these yoked control 
animals may be as great as, but of a different nature to that 
of the animals learning the task. For example, in the studies 
of POHLE and MATTHIES(1971) and POHLE and MATTHIES(1974) 
rats were motivated by footshock to perform a brightness 
discrimination task in a Y-maze. The active controls 
received random shocks in each arm of the maze, rather than 
shock being contingent upon an incorrect discrimination.
While these rats were non-learners with respect to the particular 
discrimination observed, it is hard to see how they can be 
considered to be not learning anything. It is not being 
suggested that yoked controls should not be used in these 
experiments, but that the type of behavioural manipulation 
must be chosen to maximise the difference in learning 
experience between groups. It is in this respect that the 
study of imprinting in chicks has an advantage. Although a 
general attachment of a chick to its surroundings does 
appear to occur over a period of time (GUITON,1959), chicks 
that are held in the dark do not experience anything like the 
behavioural modification that results from exposure to an 
imprinting stimulus. It is still possible that there may be 
active biochemical consequences of holding chicks in the 
dark during this developmental period, but this would not
9make the results less interesting.
In summary, the problems of biochemical specificity, 
reveal little advantage for either correlative or interventive 
approaches. Both suffer from technical difficulties, some of 
which can be resolved by careful choice of procedures, some 
await technical advances, and some appear to be quite 
intractable, such as the flow-on effects of protein synthesis. 
One technical advantage of correlative studies which must be 
considered, particularly where the training of animals is 
difficult and time-consuming, is that many biochemical 
measurements can be made on one brain sample, especially if 
measurements are made in vitro. In contrast to this, usually 
only one type of behavioural measurement can be made in 
interventive studies, without adding additional behavioural 
variables into the paradigm.
2.2 Problems of Interpretation
The finer level of the problems of biochemical 
and behavioural specificity do show greater advantages
and disadvantages of the two approaches in different 
situations. In general the correlative approach can better 
handle problems of biochemical specificity, while the 
interventive approach is more suited to the problems of 
behavioural specificity. This reflects the design of the 
two types of approaches. Correlative studies do not directly 
interfere with the metabolism of the animal, but control 
and experimental groups are placed in different behavioural 
situations. Conversely, animals in interventive studies are
10
subjected to identical behavioural conditions with only the 
administration of the drug being different between groups.
Assuming technical problems are approached so that 
the relevance of biochemical and behavioural changes is 
relatively certain, then the question of a higher level of 
specificity can be asked. The first of these is whether the 
effect is localized in a particular region of the brain.
Here correlative studies have an advantage over the 
interventive approach. Only the amount of tissue required 
for analysis should limit the degree to which biochemical 
changes can be localized by direct measurement, although, in 
practice, there are technical difficulties of dissection. 
Autoradiographic techniques can localize effects to a much 
finer level but do not easily yield quantitative results.
The only way interventive effects can be 
localized is by restricting the spread of drug in the brain 
from the site of central injection. The extent of spread of 
a drug is not easy to determine directly. Autoradiography of 
radiolabelled drugs was used by EICHENBAUM, BUTTER and 
AGRANOFF(1973) to demonstrate that a zone of inhibition 
could be demarcated in monkey brain, following stereotaxic 
injection of small volumes of CXM or puromycin. The brains 
of most animals used in interventive experiments are much 
smaller than the monkey brain, and localization is 
correspondingly more difficult. EICHENBAUM, QUENON, HEACOCK 
and AGRANOFF(1976) used autoradiography to show some degree 
of localization of inhibition of protein synthesis in mouse
11
brain over a 30 min incorporation period after unilateral 
injection of 50yg CXM in a volume of 3yl over a period of 
1.5 min, although this techniaue gives no information about 
actual levels of inhibition either in the darkly labelled 
or the lightly labelled regions of the brain. This paper also 
reports differential behavioural effects with injection 
in different brain regions. PARTLOW, KESNER, BUXH and 
BERMAN(1978) also report some degree of regionality of 
behavioural effect of CXM. Such behavioural localizations 
may only detract from the proposed correlation between protein 
synthesis and memory, unless localization of inhibition of 
protein synthesis can be demonatrated quantitively (see 
Chapter 5 of this study).
While it is not difficult to demonstrate some 
degree of regionality in correlative studies, such as the 
localization of increased lysine incorporation in the 
anterior forebrain roof in chicks exposed to an imprinting 
stimulus (HAMBLEY, et al, 1977), most correlative studies 
suffer greatly from not having demonstrated such a localization. 
The early work of Hyden (HYDEN and EGYHAZI,1964; HYDEN and 
LANGE,1968) claimed to show changes in particular regions, 
but did not show that these changes did not occur in other 
brain regions. Although this has been attempted more recently 
(YANAGIHARA and HYDEN,1971) the variability of the results 
make them unconvincing (DUNN,1980).
Finer levels of localization can be achieved by 
autoradiographic measures, as has been attempted in the case 
of uracil incorporation in imprinted chicks by HORN, McCABE
12
and BATESON(1979), and in other situations (SMITH ,19 75a;
POHLE and MATTHIES,1976). This technique is subject to the 
same limitations as those discussed in relation to 
quantitative studies of macromolecular synthesis, and also 
quantification of the effect is extremely difficult by this 
method. For these reasons, as well as the small size of 
the effects and the large variability often encountered, 
autoradiographic studies are difficult, and in some cases 
results must be standardized and treated statistically for 
any effect to be seen (HORN,et al,1979).
Some improvements in biochemical specificity can 
be achieved in correlative studies by measuring more 
specific processes. For example, the synthesis of proteins 
destined for particular compartments of cells may be revealed 
by examining the subcellular distribution of incorporated 
label. This approach has not, as yet, been fully exploited. 
Similarly particular classes of RNA and proteins, separated 
by the different biochemical methods available, can be 
examined. CUPELLO and HYDEN(1976b) used the technique of 
binding RNA to oligo(dT)-cellulose to selectively examine 
uridine incorporation into polyA-associated RNA. Again there 
was no statistical analysis of results and their consistency 
must be questioned. WENZEL, KÄMMERER, JOSCHKO, JOSCHKO, 
KAUFMANN, KIRSCHE and MATTHIES(1977) examined changes in 
ribosome content of cells as an adjunct to data on changes 
in protein synthesis. Electrophoresis has been used to study 
the specificity of changes in RNA (SMITH,1975b) and protein 
(HYDEN and LANGE,1976) synthesis.
13
It is also possible to measure the changes in 
levels or activity of specific proteins which are suspected 
to be involved in biochemical sequelae of experience. This 
has been done in different situations for the cholinergic 
enzymes, acetylcholinesterase and choline acetyltransferase 
(HAYWOOD, HAMBLEY and ROSE,1975), ribonuclease (IZQUIERDO,
1975), S-100 protein and neuron specific protein (14.3.2)
(ZOMZELY-NEURATH, MARANGOS, YORK, HEIMOWITZ, PERL, ZAYAS 
and CUA,1976), cyclic AMP (HAMBLEY and ROSE,1977), colchicine­
binding to tubulin (MILEUSNIC, SUKUMAR and ROSE,1979;
MILEUSNIC, ROSE and TILSON,1980) and QNB binding (ROSE, GIBBS 
and HAMBLEY,1980).
The major problems of these studies is in relating 
the results of assays in vitro, with the effective activities 
and levels of species,in vivo, since nothing is known in 
most cases about the compartmentation or redundancy of 
species, or about which processes may be rate limiting.
The equivalent approach in interventive 
studies, is to use drugs which are more specific for particular 
processes. Much of the literature of psychopharmacology uses 
this type of approach, mostly concentrating on those drugs 
which affect particular aspects of particular neurotrans­
mitter systems. For example, much was made of the possible 
role of the cholinergic synapse in memory formation following 
demonstration of changes in behaviour of rats in a Y-maze 
after administration of anti-cholinesterases and cholinomim­
etic and cholinoleptic drugs (DEUTSCH,1971). Since it seems 
likely that any one neurotransmitter system underlies very
14
many different functions in the brain, it is very hard to 
dissociate the possible effects of these drugs on memory, 
from effects on both performance (especially cholinergic 
drugs which have so many direct peripheral effects) and 
those processes more closely associated with learning and 
retrieval of memory, such as arousal. V7hile some of these 
criticisms also apply to other interventive agents, drugs 
which have direct immediate effects on neurotransmission 
seem more likely to interfere with the general behaviour 
of the animal, and certainly with levels of excitation and 
inhibition in arousal, motivation, sensory and locomotor 
processes. Also neurotransmitter systems probably interact 
with each other to such a degree that interference with one 
system will also affect other systems.
Although there are serious difficulties in 
attaining even this level of biochemical and behavioural 
specificity, it seems that correlative approaches may be 
somewhat easier to interpret if they are well designed.
Questions at the higher level of behavioural 
specificity are simply which aspect of the behaviour is 
correlated with biochemical changes or interference.
In correlative studies this could be approached 
by measuring different aspects of the behaviour and attempting 
to correlate them with the biochemistry. Often behavioural 
testing is not possible in the design of correlative 
experiments, but such a correlation was attempted by BATESON, 
et al,(1975) using the imprinting response of young chicks.
In this case behavioural measurements in a choice between a
15
familiar and an unfamiliar imprinting stimulus, such as an 
initial latency, total distance approached, total movement 
and preference for the familiar, were correlated with changes 
in RNA metabolism in different brain regions. Unfortunately, 
both behavioural and biochemical data had to be manipulated 
with a series of standardizations before a significant 
effect was found. In studies where behavioural measurements 
are not possible, the behavioural correlates must be teased 
apart by thoughtful design of experiments. This is the basis 
for the use of active yoked controls in many experiments.
These animals are meant to experience all the same conditions 
as the trained group, except for the learning of the task 
itself. For example, yoked controls in the jump-avoidance task 
used by ADAIR, WILSON and GLASSMAN(1968) and in later studies, 
receive the same amount of footshock as animals which have 
the opportunity to learn the task. It has already been pointed 
out that specific biochemical changes are unlikely to emerge 
from this type of task, and indeed REES, BROGAN, ENTINGH, DUNN, 
SHINKMAN, DAMSTRA-ENTINGH, WILSON and GLASSMAN(1974) found 
that lysine incorporation increased in the brains of yoked 
controls as well as trained animals, compared to quiet 
controls. Similar increases in lysine incorporation also 
occurred in the livers of yoked controls and trained animals. 
Interesting, large increases in lysine incorporation into 
brain nuclear proteins occurred with mere exposure of the 
mice to apparatus (HERSCHKOWITZ, WILSON and GLASSMAN,1975).
A good example of the separation of different
16
aspects of behavioural manipulation is the experiment 
performed by BATESON, ROSE and HORN(1973). Previous 
experiments (BATESON, et al,1972) had attempted to distinguish 
between the direct effects of a visual stimulation and the 
imprinting effects of the stimulus, by including a control 
group which was exposed to diffuse overhead light for the 
same length of time that chicks were exposed to the imprinting 
stimulus. However it was clear that this did not provide the 
same level of visual stimulation as imprinting. BATESON, et 
al,(1973) exposed chicks to the imprinting stimulus for 
varying periods on the first day after hatch. On the next day, 
all chicks received the same amount of imprinting experience 
while the incorporation of uracil was being measured in vivo. 
They argue that the greater uracil incorporation into RNA of 
chicks undertrained on the first day indicates that RNA 
synthesis is a correlate of the amount still to be learnt 
on the second day, rather than the direct effect of visual 
stimulation, since all chicks received the same degree of 
stimulation on the second day. While there are still other 
possible explanations of this result, these may also be 
tested with appropriate experimental design, and approaches 
of this kind appear promising. For example, the suggestion 
of DUNN(1976) that the results of BATESON, et al,(1973) 
reflect simple habituation and therefore lack of attention 
to the stimulus, could be tested by exposing chicks in 
running wheels (as were used in later experiments, eg.
BATESON, et al,(1975) and measuring their attempted approach 
during exposure.
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Correlative studies have an advantage in terms 
of biochemical specificity, in that it is known what 
biochemical change is being examined, which is not the case 
with drug intervention. Conversely, interventive studies have 
an advantage in relation to behavioural specificity because 
the' experimenter is measuring changes in the performance of 
one task and therefore knows that biochemical effects are 
at least related to some aspect of this task. The problem 
of interpretation at this level is a question of which aspect 
or aspects of the task are being influenced. As an example, 
some of the more subtle behavioural effects of CXM appear 
to include changes in reactivity (SANBERG, FAULKES, ANSON 
and MARK,1980) and an increase in attentional persistence 
(ROGERS and ANSON,1979; ANSON,1980). Either of these effects 
could greatly influence both aquisition and retention of tasks.
In summary it appears that there are distinct 
advantages and disadvantages of using either the correlative 
or interventive approach to the study of the biochemical 
correlates of experience. In general the correlative approach 
has advantages in terms of achieving greater biochemical 
specificity than the interventive approach, which can achieve 
greater behavioural specificity because the performance of 
a single task is being measured. However, this distinction 
is by no means absolute, as there are distinct behavioural 
problems in interventive studies and biochemical problems in 
correlative studies, which do not seem solvable in the near 
future, if at all. Both approaches are less than satisfactory, 
but there seems to be no other way of approaching these
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questions at the moment. Therefore the correlative and 
interventive approaches must be used, but due consideration 
must be given to all the above limitations when experiments 
are designed and when results are interpreted.
In practice, the most serious limitation of all 
the literature on both approaches, but especially in 
correlative studies, is the lack of reported replication of 
effects by different laboratories and indeed the lack of 
reproducibility where it has been attempted (DUNN, 1980).
Data from individual laboratories are often not supported by 
appropriate statistical evidence. Unless these experiments 
can be replicated in other laboratories, there seems little 
point in pursuing questions of their biochemical and behavioural 
specificity.
The almost mirror-image advantages and disadvantages 
of the two approaches at different levels, suggests that a 
useful approach may be to use both correlative and interventive 
techniques in the same behavioural situation. It is clear 
that the two approaches complement each other in a general 
sense, i.e. if a universal mechanism of memory such as one which 
is dependent on protein synthesis is being proposed then the 
demonstration of both correlative changes in protein synthesis 
and disruption of retention with protein synthesis inhibitors 
provide complimentary evidence. If, however, these can be 
demonstrated in the same behavioural situation then this 
provides stronger evidence for the dependence on protein 
synthesis in that particular situation. Unfortunately, the 
different demands of the two approaches on the design of 
behavioural tasks may often prevent this from being usefully
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carried out. Some tasks however may be suited to a combined 
approach. The one-trial passive avoidance task for chicks, 
which has been widely used in interventive studies (GIBBS 
and NG,1977), has recently been used in correlative work 
(MILEUSNIC, et al,1979; ROSE, et al,1980) and may prove to 
be quite interesting. Another interesting combination of the 
two approaches was reported by SHASHOUA and MOORE(1978). This 
group has found increased valine incorporation into three 
specific protein bands, separated by SDS polyacrylamide gel 
electrophoresis, in goldfish trained to swim in a normal 
posture with a styrofoam float sutured to their ventral 
surface. They follcwed up their observation by demonstrating 
that antisera to two of these proteins could disrupt 
retention of the float-balancing task. Although there are 
many controls which need to be done on this type of experiment, 
it does suggest some interesting possibilities of technique.
This thesis presents the results of an attempt 
to combine these approaches to examine the biochemical 
correlates of an imprinting experience in young chicks.
3. IMPRINTING IN THE CHICK
The young chick is becoming increasingly popular 
as a subject for studies of the relationships between 
biochemistry and behaviour (BONDY and MARGOLIS,1971a;
CHERKIN, ECKHART and GERBRANT(1976); GIBBS and NG,1977;
ROSE and LONGSTAFF,1979) because of a number of technical 
advantages. Young chicks are easily hatched and housed in 
the large numbers often required for behavioural research.
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Chicks can survive for 2-3 days after hatch without food or 
water, and so can be kept in darkness without the necessity 
to force-feed them. Hand made injections of drugs directly 
into the brain are possible in unanaesthetized chicks.
During the first week after hatch, there is very little 
barrier to the movement of drugs and radiolabelled compounds 
between blood and brain.
The greater degree of regional autonomy in the 
visual system of chicks compared to mammals contributed to 
their increasing popularity (eg. KOUVELAS and GREENE,1976; 
BONDY and PURDY,1977). A particular aspect of this is the 
complete decussation of the optic tract at the optic chiasma 
(COWAN, ADAMSON and POWELL,1961) which enables unilateral 
primary visual input to the brain to be achieved simply by 
covering one eye. This is useful as inter-hemisphere 
communication in birds seems more restricted than in mammals 
(BONDY and MARGOLIS,1971b) and can be restricted even further 
by cutting the supra-optic commissure.
Further advantages of using chicks in studies are 
that embryos are readily accessible for developmental studies, 
and chicks are quite precocial at hatch, enabling behavioural 
experimentation during this interesting developmental period. 
An important aspect of this developmental period is the 
behaviour of imprinting.
Imprinting is the process of recognition of, and 
attachment to, an appropriate stimulus, usually the mother, 
very early in the chick's life outside the egg, or even, in
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the case of auditory imprinting, late in the chick's life 
in ovo (GRIER, COUNTER and SHEARER, 1967 ; GOTTLIEB , 19 6 8)'
The study of the biochemical correlates of the 
process of visual imprinting has a number of advantages over 
other types of learning. As well as the technical advantages 
of working with the chick visual system which have already 
been outlined, imprinting is a very important adaptive process 
which occurs only during a particular developmental phase, 
and results in large changes in a chick's behaviour, which 
show considerable permanence (DENNENBERG, 19 69) . Because 
imprinting is a natural behaviour there is no doubt that the 
chick has the appropriate visual and motor development to 
cope easily with the task. Keeping chicks in the dark 
prolongs the period during which a chick will respond to an 
imprinting stimulus (GUITON,1959), and presumably therefore 
prolongs the biochemical changes which accompany imprinting.
In this sense, it seems likely that there is a large difference 
in the amount of learning that can occur, between chicks 
which are exposed to an imprinting stimulus and those held 
in the dark. This suggests that imprinting may provide the 
best chance of reliably measuring the biochemical changes 
which underlie the behavioural changes.
There is already a considerable literature on 
attempts to find biochemical correlates of imprinting, almost 
all from one laboratory (most recently reviewed by ROSE and 
LONGSTAFF(1979). Confirmation of the reproducibility of such 
observations by a different group is highly desirable. A
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wide range of chemical changes in forebrain roof of imprinted 
chicks has been reported, including changes in RNA and protein 
synthesis, the activities of RNA polymerase and acetylcholin­
esterase and levels of cyclic AMP. A reasonable level of 
behavioural specificity has been demonstrated for one of 
these changes, increased RNA synthesis (BATESON, et al,1972; 
BATESON, et al,19 73; BATESON, et al,1975).
Only one study (GIBBS and LECANUET,1980) hasv 
attempted to examine imprinting using interventive agents 
which are not either too general or too toxic to be relevant.
It was decided to examine the possible role of 
protein synthesis in the imprinting process, using both 
correlative and interventive techniques.
4. PLAN OF THESIS
The problems and limitations of techniques used 
in this study, in particular the measurement of protein 
synthesis and interpretation of receptor binding data, are 
discussed fully in Chapter 2 along with descriptions of all 
methods used.
Chapter 3 is an examination of the general 
development of the chick visual system. Morphological, 
physiological and biochemical development of the chick retina, 
optic lobe and forebrain are reviewed. The results of 
determinations of the development of cholinergic markers in 
these regions of the CNS are reported. These data are important 
as a contribution to the understanding of the relationships
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between biochemistry, morphology, physiology during 
development, and as background data for the expanding 
research on the chick visual system. In particular, it is 
important that adequate baseline data is available for the 
formation of hypotheses and interpretation of data in 
studies attempting to relate biochemistry to behaviour.
The subcellular distributions of some cholinergic markers 
are reported, providing baseline data for further experiments 
attempting to localize biochemical correlates of imprinting.
The possibility that dark-rearing chicks has some 
short term effect on the proposed correlates of imprinting 
was examined. The post-hatch development of acetylcholinest­
erase activity and the number of muscarinic receptors was 
determined in light and dark-reared chicks.
The introduction to Chapter 4 reviews, in detail, 
the current literature dealing with the biochemical correlates 
of imprinting. Relationships between imprinting exposure and 
protein metabolism, glycoprotein metabolism, acetylcholin­
esterase and choline acetyltransferase activities, and the 
numbers of muscarinic and nicotinic receptors are reported. 
Preliminary investigations of the subcellular localization 
of changes in protein and glycoprotein metabolism and numbers 
of muscarinic receptors are described. The implications of 
these results and the state of progress of biochemical 
investigation of imprinting are discussed.
Chapter 5 includes a review of the small 
literature on the interventive approach to the biochemistry
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of imprinting. The results of preliminary investigations into 
the disruptive effects of cycloheximide and 2-aminoisobutyrate 
are reported and discussed.
The general discussion brings together the results 
from the three experimental chapters into a review of the 
changes in the chick's brain during early visual experience 
and imprinting. In the light of these results, the current 
and future usefulness of the interventive and correlative 
approaches to the biochemical correlates of imprinting and 
experience in general is again briefly discussed.
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CHAPTER 2 
GENERAL METHODS
1. SUBJECTS
White Leghorn x Black Australorp eggs from Research 
Poultry, Victoria, Australia, were incubated and hatched in 
the laboratory.
Chicks for behavioural experiments and light 
deprivation were removed from a dark hatcher and housed in 
light-proof holding boxes, maintained at 30°C. As no chicks 
were held beyond two days after hatching in these conditions, 
no food or water was required.
Other chicks were moved from a normal hatcher heated 
with a light bulb to cages in a chicken colony. Constant light 
and warmth (27°C) were provided by light bulbs over cages 
measuring 23cm x 23cm x 29cm. The cages were made of sheet 
metal, with one clear perspex side. Five chicks were housed 
in each cage, with continuous access to food and water after 
the first two days post-hatch.
2. APPARATUS 
2.1 Stimuli.
The flashing lights used were revolving flasher lamps 
manufactured by Hella, modified by replacing the coloured 
covers and reflectors by perspex boxes similar to those 
described by BATESON and REESE(1969). The two large sides were 
coloured with orange celluloid, while the rest of the box and 
the base and wires were painted black (FIG 2.1).
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FIG 2.1
FIG 2.2
The imprinting stimulus consisted of 
a rectangular box with two translucent 
orange sides, which rotated around a 
light.
Exposure apparatus I. Three chicks 
were exposed in each side of the box.
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When the boxes were rotated at 60 rpm and viewed from 
the side, they appeared to a human observer as an orange square 
flashing twice per second.
2.2 Holding Boxes.
Chicks were housed in boxes measuring lm x lm x 22cm 
high, with a wooden divider running down the centre and a 
thermostatically-controlled heater element and fan at one end. 
lcm square mesh divided each side into 12 separate compartments. 
The temperature was maintained at 30°C.
2.3 Exposure Chambers.
Two separate systems were used to expose chicks to the 
flashing lights. Initially chicks were placed in individual 
metal cages measuring 11cm x 11cm x 16cm high, with clear 
perspex fronts, at one end of a box identical to the holding 
boxes (but without the wire mesh dividers). The stimulus was 
placed at the other end of the box, 50cm from the front of the 
cages, with the centre of the stimulus level with the chick's 
head. Three cages faced one stimulus, in each side of a box 
as shown in FIG 2.2. All surfaces were painted matt black to 
minimize reflections. This is referred to as apparatus I.
At a later stage a runway system which allows chicks 
to approach the stimulus was introduced. The matt black sheet 
iron runways were 2m long, 23cm wide and the sides were 29cm 
high. One end of the runway was closed, while the other 
terminated with a clear sheet of perspex. Fresh paper 
towelling was always used as the floor of the runways. The
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Stimulus was placed 40cm outside the perspex end (FIG 2.3).
The runways were arranged radially, 3 around one stimulus and 
5 around another, on large tables in a light-proof, constant 
temperature (28°C) laboratory, again painted matt black. This 
is referred to as apparatus II.
2.4 Approach Testing Chambers.
Two similar systems for measuring approach to the 
stimulus were used at different times.
Initially a wooden runway, measuring 1.2m x 25cm x 
37.5cm high and painted grey was used on the floor of the 
laboratory, with paper towelling underneath. A sliding 
wooden panel could separate a 25cm x 25cm box at the closed end 
of the runway and the stimulus was placed at a fixed distance 
from this panel (FIG 2.4). The chicks were placed in the closed 
box and allowed to settle for 30 sec before the panel was 
removed to reveal the light.
Most measurements of approach were performed in the 
same metal runways that were used for exposure to the stimulus 
(apparatus II). In this case, a chick was simply placed at the 
closed end of a runway, 2m from the stimulus.
An approach test involving a choice between the 
imprinting stimulus and a similar stimulus coloured red instead 
of orange, was performed by placing the chick midway between 
the stimuli on a table-top covered with paper towelling.
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FIG 2.3
FIG 2.4
Exposure apparatus II. One chick 
was exposed in each runway.
Approach test chamber used in 
early experiments.
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3. DRUGS AND CHEMICALS
All radiolabelled chemicals were bought from Amersham- 
Searle. Radiolabelled precursors were injected in a volume of 
0.1ml, which contained 2.5yCi L-(U-14C) lysine 
monohydrochloride (343mCi/mmol), 50yCi L-(6- 3H) fucose 
(26Ci/mmol) or lOyCi L-(l-14c) fucose (50mCi/mmol).
Cycloheximide (CXM) was manufactured by Sigma, and 
2-aminoisobutryate (AIB) was obtained from Calbiochem. All 
other chemicals were from Sigma or Ajax.
4. INJECTIONS
Intra-pericardial (i.p.) injections were used for 
administration of isotopes and CXM. Either plastic 1ml 
syringes or a lOOyl glass Hamilton syringe were used with a 
26 gauge needle. The chick was held on its back in one hand 
and the lower end of the rib cage found with the thumb. The 
needle was inserted up and under the ribs toward the heart. 
HAMBLEY (pers. comm.) has shown that isotopes injected into 
the pericardial cavity of chicks is absorbed as rapidly as 
when injected directly into the heart.
Intra-cerebral (i.c.) injections were used to 
administer CXM and AIB. A lOOyl glass Hamilton syringe with a 
26 gauge needle was used, with a plastic sleeve on the needle 
to limit penetration to 3mm. The chick was hand-held, with its 
beak firmly anchored between the thumb and forefinger. The 
needle was inserted vertically through the skin and skull into 
each hemisphere of the brain. Placement could be easily checked 
posthumously, by cutting the skin away from the skull and
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and finding the puncture mark. Injections were very 
reproducibly made in the region shown in FIG 2.5.
5. EXPOSURE TO FLASHING LIGHT
All chickens to be exposed to the flashing light, or 
controls for these birds, were transferred from a still air 
incubator, after 7 days incubation, into dark hatchers held at 
39°C and 70-90% relative humidity. A few hours after hatching, 
when their down was fully dried, they were transferred to the 
dark holding boxes already described. Chicks were between 20 
and 26 h old when exposed to the stimulus.
Chicks to be primed (pre-exposed to constant white 
light) were removed to individual metal and perspex boxes 
measuring 11cm x 11cm x 16cm high, and the overhead fluorescent 
lights turned on for a period of 90 or 120 min. There was some 
patterned visual input during this time, such as the edges and 
corners of their cages, but no motion (except that caused by 
their own movements) could be observed by the chicks. Priming 
has been shown to increase speed of approach to a suitable 
imprinting stimulus (BATESON and SEABURNE-MAY,1973) and to 
improve visual discrimination (BATESON and WAINWRIGHT,1972; 
CHERFAS, 1978).
Chicks were then placed in one of the types of 
exposure chambers described (exposed birds) or returned to the 
dark holding boxes (dark birds). Exposure time varied between 
20 min and 60 min, and the stimulus was always turned off for 
1 min in each 10 min, since this seems to increase the chicks' 
attention to the stimulus (HORN, ROSE and BATESON, 19 73$0. .
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FIG 2.5
FIG 2.6
Dorsal view of chick brain showing 
area placement of intracerebral 
injections (shaded area).
FB = forebrain,
OL = optic lobe
Side view of chick brain showing 
the dissection of forebrain into 
roof and base.
OL = optic lobe
CB = cerebellum
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All subjects were then returned to the dark holding 
boxes until they were tested or killed for biochemical analysis.
6. BIOCHEMISTRY
6.1 Tissue Preparation
Chicks were decapitated with a large pair of scissors. 
Chicks over 1 week of age were first anaesthetized with ether.
The skull was opened with mid-sagittal and transverse 
cuts, and the brain removed with a spatula and immediately 
placed on an ice-cooled petri dish for dissection.
Four regions of the CNS were used; the retina, the 
optic lobes, the whole forebrain and the forebrain roof. The 
forebrain hemispheres were pulled forward slightly and 
separated from the rest of the brain with a vertical transverse 
cut. The optic lobes were pinched off with forceps and cut 
away from the rest of the midbrain. The forebrain roof was 
defined by an oblique cut from the dorsal posterior aspect to 
the anterior aspect, as described by HORN, ROSE and BATESON 
(1973) and shown in FIG 2.6. The eyes were removed and hemisected 
then the neural retina plus the pigment epithelium was 
carefully removed.
Tissue was placed in ice-cold distilled water, or 
fractionation medium and homogenized with 10 strokes of a teflon 
pestle.
Samples not used for fractionation were frozen and 
stored for analysis. The protein concentrations of samples was 
determined by the method of LOWRY, ROSEBROUGH, FARR and RANDALL 
(1951).
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6.2 Fractionation
6.2.1. Basic Fractionation
Tissue was homogenized in 10ml per gram wet weight of 
0.32M sucrose containing ImM potassium phosphate buffer and 
0.ImM EDTA (pH 7.5) and kept at 0-4°C throughout the procedure. 
The method of MORGAN, WOLFE, MANDEL and GOMBOS(1971) for 
preparing rat brain synaptosomal membranes was only slightly 
modified. The procedure is shown in FIG 2.7.
The microsomal fraction was sometimes pelleted from 
S2 at 78,000g x 60min and the supernatent taken as the soluble 
fraction. At other times two microsomal fractions were spun out 
at 20,000g x 60min (MIC I) and 50,000g x 120min (MIC II).
The washed crude mitochondrial pellet was separated 
on a discontinuous sucrose/Ficoll gradient. The myelin-rich 
fraction layered above the 13% Ficoll and was removed by 
aspiration. The remaining gradient, containing largely 
synaptosomal components, was poured off, leaving a pellet of 
relatively pure mitochondria. All three fractions were diluted 
with the sucrose buffer, spun down and resuspended in buffer.
Protein recovery varied from 70-100%, but was 
generally around 90%.
Low speed procedures were carried out in a Beckman 
J-21 centrifuge, while a Beckman L-2 Spinco ultracentrifuge 
was used for all high speed spins.
6.2.2. Nuclei
The nuclear fraction contains mostly nuclei, capillary
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FIG 2.7 Basic fractionation.
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fragments, unbroken cells and blood cells. A more pure sample 
of nuclei was obtained by homogenizing in 0.32M sucrose + ImM 
MgCl2 (pH 7.6) and filtering the homogenate twice through two 
thicknesses of pantihose material. The filtrate was spun down 
at 10,000g x 10 min, resuspended in 1.5M sucrose + ImM MgCl2 
and layered onto 1.8M sucrose (FIG 2.8). The fraction 
retained on the 1.8M sucrose layer, when stained with cresyl 
violet appeared to be highly concentrated in nuclei, and free 
of any large cell fragments.
6.2.3 Myelin
FIG 2.9 shows the procedure used to purify the fraction 
which contained myelin. After dilution with ImM potassium 
phosphate buffer containing 0.ImM EDTA (pH 7.5), it was 
pelleted at 10,000g, retained on a 0.8M sucrose layer, 
repelleted at 10,000g and then retained on a 0.6M sucrose 
layer. After repelleting at 50,000g x 30 min, the protein 
recovery was around 1% of homogenate.
6.2.4 Mitochondria
The mitochondrial pellet from the sucrose/Ficoll 
gradient was twice repelleted at 50,000g x 30 min and then 
10,000g x 15 min, before being pelleted through 1.2M sucrose, 
as shown in FIG 2 JO. Protein content for the purified 
mitochondrial fraction was around 1% of the total homogenate.
6.2.5 Microsomes
The microsomal fraction was further fractionated on a
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FIG 2.8 Purification of nuclei.
42
HOMOGENATE (10% w/v in 0.32M sucrose 
+ ImM MgCl2fPH 7.6)
filter twice 
through mesh
10,000g x 10 min
pellet
resuspend in 1.5M sucrose 
+ ImM MgCl2
53,500g
x 60 min dilute with MgCl2 
buffer
1.8M
10,000g x 10 minIpellet
PURIFIED NUCLEI
43
FIG 2.9 Purification of myelin.
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FIG 2.10 Purification of mitochondria.
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discontinuous sucrose gradient as shown in FIG 2.11, to give 
some idea of possible further enrichments of enzyme on receptor 
binding activity, even though little is known of what these 
different sub-fractions may specifically contain.
6.2.6 Synaptosomes
Synaptosomes were fractionated by a method previously 
described by MORGAN, et al,(1971) for rat brain.
After spinning down from the Ficoll medium, the 
synaptosomal fraction was resuspended in ImM potassium 
phosphate + 0.ImM EDTA buffer (pH 7.5) to lyse the synaptosomes. 
After repelleting, the synaptosomal components were separated 
on a discontinuous sucrose gradient (FIG 2.12), yielding layers 
similar to those described by MORGAN, et al,(1971) and 
WHITTAKER and PARKER(1972).
Electron micrographs of MORGAN, et al,(1971) and MORGAN, 
BRECKENRIDGE and VINCENDON(1973) indicate the following 
enrichments;
Layer D - largely synaptic vesicles with up to 30% 
contamination from plasma membrane, myelin and endoplasmic 
reticulum.
Layer E - synaptic vesicles, small membrane vesicles 
and other membrane fragments.
Layers F and G - predominantly synaptic plasma 
membranes, of 85-90% purity.
Contaminants are outer mitochondrial membranes (max. 10%) and 
smooth endoplasmic reticulum (max. 5%). Possible contamination 
with glial plasma membranes is harder to quantify.
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FIG 2.11 Fractionation of microsomes
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FIG 2.12 Disruption and fractionation 
of synaptosomes.
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Layer H - synaptic plasma membrane, more heavily 
contaminated with mitochondrial fragments.
Layer I - predominantly synaptosomal mitochondria.
6.2.7 Synaptic Junctions
Isolation of synaptic junctions from synaptic plasma 
membranes by Triton X-100 extraction in the presence of Ca++, 
was based on similar isolations in rat brain (DAVIS and BLOOM, 
1973; COTMAN and TAYLOR,1972; WELLER and MORGAN,1976).
Tissue was homogenized in 0.32M sucrose + ImM MgCl 
(pH 7) and then processed as shown in.FIG 2.13. The crude 
mitochondrial pellet was lysed in 50yM CaCl2 buffer (pH 7), and 
left for 15 min at 4°C. After repelleting, the fraction was 
incubated in 40mM sodium phosphate buffer containing 60mM 
succinate, ImM p-iodonitroneotetrazolium violet (INT) and 50yM 
CaCl2 (pH7), at 30°C for 20 min. This increases the density of 
mitochondria and allows cleaner separation from plasma 
membrane fragments. After further pelleting the fraction was 
spun through a discontinuous sucrose gradient and the synaptic 
plasma membrane fraction collected. This was pelleted and 
resuspended in lOmM Tris buffer, before 0.4% Triton X-100 + 0.ImM 
EDTA was added. The pellet, after spinning through 1.0M sucrose 
+ 50yM CaCl2 , was resuspended as the synaptic junction sample.
Synaptic junctions prepared by COTMAN and TAYLOR(1972) 
by this method appear to be 60-70% pure by electron microscopic 
examination.
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FIG .13 Preparation of synaptic junctions.
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6.2.8 Post-synaptic Densities
Further breakdown of the synaptic complex can be 
achieved by treatment of synaptic plasma membranes with other 
detergents. Post-synaptic densities of around 80% purity (by 
electron microscopy) can be obtained by treating membranes with 
sodium N-lauroyl sarcosinate (COTMAN, BANKER, CHURCHILL and 
TAYLOR,1974).
The same procedure was followed as for preparation 
of synaptic junctions, substituting 3% sodium N-lauroyl 
sarcosinate + lOmM Tris (pH 7.5) for Triton (FIG 2.14). The 
fraction was then layered onto 1.2M sucrose and spun for 1.25 
h. The pellet was taken as the post-synaptic density sample 
and the supernatent was diluted and repelleted to yield the 
"synaptic pellet" and synaptic soluble fraction.
6.3 Measurement of Protein and Glycoprotein Synthesis
The rate of protein synthesis was estimated in vivo 
from the amount of 14C-lysine incorporated into trichloroacetic 
acid (TCA) insoluble protein, over periods of 10 or 20 min. 
Similarly, the rate of synthesis of fucosyl glycoproteins was 
estimated from the incorporation of 3H or 14C-fucose into TCA- 
insoluble protein over 1 h.
In both cases lOOyl of isotope (2.5yCi 14C-lysine; 
lOyCi 14C-fucose; 50yCi 3H-fucose) was injected into the 
pericardial cavity of chicks which were killed and the brain 
samples prepared (as previously described), after the 
appropriate time interval. 500yl of the sample (l-4mg of 
protein) was precipitated at 4°C for 20 min with 9ml 10% TCA
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FIG 2.14 Preparation of post-synaptic
densities.
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SYNAPTIC PLASMA MEMBRANE
(prepared as in FIG 2.13)
add 6% sodium lauroyl sarcosinate + 
10 mM Tris, pH 7.5
DENSITIES
dilute with 50yM CaCl2 
buffer
35,000g x 13h
pellet
SYNAPTIC PELLET
supernatant
SSOL
58
+ lOmM lysine or fucose. The precipitate was pelleted at 1,000g 
x 10 min and resuspended in 9ml of the TCA solution. The samples 
were washed and pelleted 3 times in this manner before being 
dissolved in 1ml of Protosol (New England Nuclear) tissue 
solubilizer, and prepared for counting. 250pl of the initial 
homogenate was also solubilized and counted to give a value for 
the total tissue radioactivity.
The specific activity (SA) of the TCA precipitated 
proteins was calculated by dividing the counts per min of the 
TCA-insoluble sample, corrected for background, by the amount of 
protein in mg. A measure referred to as the relative specific 
activity (RSA) is the ratio of TCA-insoluble counts to the 
total radioactivity of the tissue, both corrected for 
background.
The use of this type of measure of protein synthesis 
can be strongly criticized (OJA, 1967 ; D UNLOP, LAJTHA and TOTH, 
1977) unless the results are interpreted strictly within the 
bounds of its limitations.
The rate of incorporation of precursors into 
macromolecules is a function of the integral with respect to 
time of both the rates of protein synthesis and degradation, 
and the changes in the specific radioactivity of the precursor 
pool. With relatively short pulse times, the problem of 
degradation becomes small. But it must still be remembered that 
the average protein synthesis of a whole brain region is being 
measured. This includes synthesis by various types of neurons 
as well as glial cells.
The major difficulty however, is in estimating the
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specific radioactivity of the precursor pool. Factors which may 
affect the pool specific activity include:
1) metabolism of the precursor
2) changes in pool size, ie the amount of endogenous 
precursor
3) variations in regional blood flow
4) variations in the transport of precursor across 
membranes
5) compartmentation of precursor pools with different 
local specific activities.
The problem of precursor metabolism can be acceptably 
controlled by using short incorporation periods and by 
suitable choice of precursors. Leucine, which has been used 
commonly in the past, is known to be catabolized extensively 
(SCHOTMAN, GIPON and GISPEN,1974). Lysine in contrast, is 
catabolized to a much lesser extent (HERSHKOWITZ, WILSON and 
GLASSMAN,1975; COHEN and BARONDES,1967) and is also favoured 
because it rapidly equilibrates across the blood-brain barrier 
(OLENDORF,1971; LAJTHA,1958; LAJTHA and TOTH,1961).
The size of the total precursor pool is known to 
change with some behavioural treatments (eg. HERSHKOWITZ and 
WILSON,1976). Although, by reason of the other limitations 
discussed below, these changes cannot be measured accurately 
enough for numerical corrections, gross changes which would 
affect estimates of the rate of synthesis can be detected.
For example, HERSHKOWITZ and WILSON(1976) demonstrated 
increases in the free lysine pool, concomitant with increased 
incorporation of lysine into nuclear proteins in the brains of
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mice trained in an appetitive task. Since an increase in the 
size of the pool results in decreased specific activity of 
precursors, it is possible to support the conclusion that the 
rate of protein synthesis has increased. The pool size changes 
are in the reverse direction to those which would explain the 
increased incorporation as a pool specific activity effect. 
Similarly, HAMBLEY, HAYWOOD, ROSE and BATESON(1977) measured 
lysine levels in chick forebrain roof after exposure to an 
imprinting stimulus and found only a slight change in the size 
of the pool of precursors, again in the opposite direction to 
that required to explain the observed increase in incorporation. 
A decreased pool size in a group with a greater incorporation 
rate would be harder to interpret.
Blood flow and precursor uptake are both affected by 
experimental procedures (BONDY and HARRINGTON,1978; HERSHKOWITZ, 
1973). The two factors can be crudely corrected for by 
measuring the specific activity of the total precursor pool, 
from the radioactivity and free lysine levels of the supernatent 
after precipitation of proteins, or by measuring the total 
tissue radioactivity, at the end of the incorporation period. 
DUNN(1977) recommends using the specific activity of 
precipitated proteins divided by the final specific activity 
of the free precursor, a measure which he calls relative 
specific activity. This assumes that the final specific 
activity reflects the average specific activity of the pool.
The measure used in this study, of protein radioactivity 
divided by total tissue radioactivity, for free amino acid 
radioactivity, is called relative radioactivity by Dunn, who
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recommends this approach when the large numbers of subjects 
used in behavioural experiments preclude determination of 
levels of the amino acid in all samples. There is some 
gonfusion in labelling these measures. The relative specific 
activity of DUNN(1977) is different to the measure called RSA 
by HAMBLEY, et al,(1977), which is in fact equivalent to Dunn's 
relative radioactivity. The convention used by Rose's group is 
followed here.
These two measures correct, to some extent, for 
variations in the amount of isotope injected, global changes 
in blood flow and changes in the transport of the precursor 
from blood to brain. The measure based on total radioactivity 
(RSA as used here) is equivalent to the measure based on the 
final specific activity of the precursor (Dunn's RSA), as long 
as there are no large changes in the size of the pool of 
unlabelled precursor.
DUNLOP, et al,(1977) argues that these measures are too crude 
and that a continuous measurement of the specific radioactivity 
of the precursor pool, is required in order to calculate the 
rate of protein synthesis accurately. Yet, as OJA(1967) points 
out, while this method may be theoretically superior, it is 
probably no more accurate as it still assumes homogeneity of 
the,precursor pools.
Compartmentation, the separation of pools of precursor, 
between cells and extracellular fluids or with the cell itself, 
remains the most serious limitation in accurately determining 
rates of protein synthesis in vivo.This is because the specific 
radioactivity of the precursor at the actual site of synthesis
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may differ substantially from the average specific 
radioactivity of the precursor in the brain. There is no 
apparent solution to this problem at the moment, so any 
refinements of the tracer method with respect to precursor 
specific radioactivity are quite possibly misleading 
refinements. One refinement which may be useful, though very 
tedious to carry out, is the measurement of the average 
specific activity of the immediate precursor of the proteins, 
the lys t-RNA.
It is quite clear that very accurate measurement of 
the rate of protein synthesis is not possible. The technique, 
as it is used in this study, is the best approximation that can 
be made. More complicated procedures found in the literature 
are either entirely meaningless in the light of the unsolved 
limitations, or are far too time-consuming to be worthwhile 
where large numbers of animals must be used. It is most 
important, therefore, that these limitations of the technique 
are carefully considered when data is being interpreted.
When a change in precursor incorporation is constantly 
detected, then its interpretation may be further strengthened 
by demonstrating some degree of specificity. This can be done 
by showing that a particular brain region exhibits increased 
incorporation while nearby regions do not, or by showing that 
the change occurs in a particular sub-cellular fraction, 
although this could still be affected by compartmentation. 
Finally, the levels of activity of specific proteins may be 
measured directly, and while a change in activity would not
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on its own imply a change in the synthesis of the protein, such 
an observation would support the original observation.
6.4 Analysis of Free Lysine Levels
Forebrains were homogenized in 10%(w/v) sulphosalicylic 
acid, and left on ice for 30 min. The precipitates were removed 
by centrifugation and aliquots of the supernatent taken for 
analysis by an automated column chromatographic procedure.
6.5 Enzyme Assays
6.5.1 Acetylcholinesterase
Acetylcholinesterase (AChE; EC 3.1.1.7) activity was 
measured by the method of ELLMAN, COURTNEY, ANDRES and 
FEATHERSTONE(1961). Reaction mixtures consisted of 0.1M of 
potassium phosphate buffer (pH 8), 0.01M dithiobisnitrobenzoic 
acid, 0.18M sodium bicarbonate, 0.099M acetylthiocholine 
iodide and 20yl or 50yl aliquots of sample. 1.5-bis 
(4-allyldimethylammoniumpheny1)-pentan-3-one dibromide (BW) was 
added to parallel tubes to correct for non-specific 
cholinesterase activity. The increase in absorbance of 412mm 
was measured on a Beckman Model 25 Spectrophotometer, and 
expressed as nmoles of acetylthiocholine hydrolysed per min.
6.5.2 Choline acetyltransferase
The assay of choline acetyltransferase (ChAc; EC 2.3.1. 
6) activity was identical to that used by HAYWOOD, HAMBLEY and 
ROSE(1975), originally derived from GLOVER and GREEN(1972).
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Medium consisting of 140yM 14C-acetyl CoA, lOmM choline iodide, 
200mM KC1, lOmM potassium phosphate buffer (pH 7), 0.2mM EDTA 
and 0.2mM eserine sulphate (50yl) was incubated with 50yl 
aliquots of sample for 20 min at 37°C. The assay was halted by 
addition of 400yl of 0.IM K 2 Hgl4 in octanone. A 50yl aliquot 
of the upper phase was taken and prepared for counting.
The activity of ChAc is expressed as nmoles of ACh 
formed per h.
6.6 Receptor Binding Studies
6.6.1 Quinuclidinyl Benzilate Binding
The specific binding of 3H-quinuclidinyl benzilate 
(ONB) to chick brain was measured by the equilibrium binding 
method described by YAMAMURA and SNYDER(1974).
The tissue sample (50-200yg protein) was incubated 
at 25°C for 60 min in buffer consisting of 0.05M potassium 
dihydrogen orthophosphate and 0.05M disodium hydrogen 
orthophosphate (pH 7.4) containing 3H-QNB (16Ci/mmol) at a 
final concentration of InM. The final incubation volume was 
2.17ml. This incubation was prepared in duplicate with an 
additional two tubes containing 16yM atropine sulphate as 
controls for non-specific binding, for each tissue sample. At 
the. end of incubation, the samples were immediately poured 
through Whatman glass-fibre filters held in a Millipore 
Sampling Manifold which can handle 30 incubation samples 
simultaneously. The filters were washed three times with 3ml 
of the buffer, transferred to scintillation vials, and 
radioactivity was determined. The difference between incubation
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with and without atropine was expressed as pmol QNB and taken 
to represent specific binding.
Whatman GF/C glass fibre filters were used initially, 
(these are also used by ROSE, GIBBS and HAMBLEY,1979), but 
were found to be inadequate, as a large proportion of bound 
ligand passed through the filter. This amount was estimated by 
passing the glass fibre filtrate through Millipore HAMK 
filters. These screen filters have a pore size of 0.45ym and 
therefore should retain almost all bound ligand, although their 
limited capacity prevents them being used, in the routine assay. 
The number of counts retained on the HAMK filters is expressed 
as a percentage of the total counts (HAMK + glass fibre) in 
TABLE 2.1.
TABLE 2.1 Efficiencies of Whatman glass fibre filters, 
expressed as percentage of bound 3H-ONB which passes through 
each type of filter
FILTER TYPE
GF/C GF/B GF/F
Total Homogenate 34 9 0
Microsomal Fraction 31 11 0.4
Synaptic Plasma Membrane 10.4 0 0.1
Fraction
It can be seen that much bound label is lost through GF/C 
filters, and a substantial loss also occurs with GF/B filters
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(used by YAMAMURA and SNYDER,1974, and recommended by BENNET, 
1978). Whatman GF/F filters, which performed very well under 
this test, were used throughout these studies.
The specific binding of QNB is widely accepted as a 
good marker for the muscarinic cholinergic receptor. The usual 
criteria of saturability, kinetics, pharmacology, distribution 
and stereospecificity are all satisfactorily fulfilled 
(SNYDER, CHANG, KUHAR and YAMAMURA,1975; KUHAR,1978; ROESKE 
and YAMAMURA,1978).
6.6.2 a-Bungarotoxin Binding
The number of binding sites for the snake venom 
component a-bungarotoxin (a-BTX) was also estimated by 
equilibrium receptor binding. Brain tissue (100-250yg protein) 
was incubated at room temperature, with 2nM 3H-a~BTX (48Ci/mmol) 
in phosphate buffered saline (PBS) made up of 0.05M potassium 
dihydrogen orthophosphate and 0.05M disodium hydrogen 
orthophosphate (pH 7.4) + 0.9% sodium chloride. 2mg/ml bovine 
serum albumin (BSA) was added to compete with the a-BTX for 
non-specific binding sites. All manipulations were carried out 
in plastic tubes because a-BTX was found to bind quite readily 
to glass. Four tubes were used for each sample, in two of which 
the sample was preincubated with 1.8mM d-tubocurarine. The 
incubation was terminated after 2 h by addition of 2ml PBS + 
2mg/ml BSA, and immediately filtered through Millipore EGWP 
filters. The filters were washed with a further 2ml PBS + 2mg/ml 
BSA and then twice more with 2ml PBS only. The radioactivity 
of the filters was determined by liquid scintillation counting.
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The difference between bound radioactivities of incubations 
with and without d-tubocurarine was expressed as fmol of a-BTX 
and taken to represent the specific binding of a-BTX.
a-BTX has proved to be a tool of remarkable importance 
in the characterization and purification of nicotinic receptors 
from muscle (FAMBROUGH and HARTZELL,1972; ORKLAND, ORKLAND and 
COHEN,1973; VOGEL, TOWBIN and DANIELS,1979; LENTZ, MAZURKIEWICZ 
and ROSENTHAL,1977; BOSMANN,1972) as well as Electrophorus and 
Torpedo electric organs, (BOURGEOIS, RYTER, MENEY, FROMAGLOT, 
BOQUET and CHANGEUX,1972; LINDSTROM,1978), however its 
specificity for central nicotinic receptors has recently been 
questioned, and will therefore be discussed in some detail.
Experiments with the autonomic nervous system (ANS) 
first raised doubts about whether a-BTX binds to the 
physiologically active site of cholinergic receptors. Although 
FUMAGALLI, RENZIS and MIAMI(1978) have demonstrated synaptic 
localization and post-synaptic depletion after denervation, 
of a-BTX binding in chicken ciliary ganglia, and PATRICK and 
STALLCUP(1977a) and others have shown inhibition of a-BTX 
binding by nicotinic ligands, in nearly all cases studied 
so far in the ANS, a-BTX fails to block cholinergic 
transmission at saturation concentrations. In addition a-BTX 
fails to protect synapses from blockage of transmission by 
d-tubocurarine. This has been shown in the rat superior 
cervical ganglion, in culture (OBATA,1974; NURSE and O'LAGUE, 
1975) as well as whole preparations (BROWN and FUMAGALLI,1977), 
chicken sympathetic ganglia (KOUVELAS, DICHTER and GREENE,1978; 
DVORAK, GIPPS, LEAH and KIDSON,1978; CARBONETTO, FAMBROUGH and
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MULLER,1978), and guinea pig intestine parasympathetic ganglia 
(BURSZTAJN and GERSHON,1977). PATRICK and STALLCUP(1977a) have 
measured the ability of a range of ligands to inhibit the 
binding of a-BTX, and their ability to functionally stimulate 
the same cholinergic receptor (measured by Na+ flux assay) in 
a chicken sympathetic ganglion cell line. They concluded that 
the low correlation between these two attributes indicates 
that the a~BTX binding site is different to the physiologically 
relevant active site. In another experiment on the same cell 
line PATRICK and STALLCUP(1977b) showed that antibodies made 
to the eel nicotinic receptor, precipitated cultured muscle 
a-BTX receptors, but not the ganglion a~BTX receptors.
Only two reports suggest contrary results in the 
autonomic nervous system. CHIAPPINELLI and ZIGMUND(1978) have 
used preparations of pigeon cilliarv ganglia and chicken ciliary 
and choroid neurons to demonstrate blockage of electrically 
stimulated transmission by lym a-BTX. This is about 100 times 
higher than the concentration required to saturate all binding 
sites. SATTELLE, HUE, HARROW, GOPNER and HALL (reported as a 
personal communication in HILDEBRAND, HALL and OSMOND,1979) 
claim that a similar concentration blocks EPSP's from cereal 
nerve synapses onto giant interneurons in terminal abdominal 
ganglion of cockroach.
Taken as a whole this evidence suggests that in many 
cases in the ANS, a-BTX is binding to a site on the nicotinic 
receptor molecule which is sensitive to the physiologically 
active site but does not interfere with it. Only the 
immunological evidence suggests that a-BTX is not binding to
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the nicotinic receptor.
Similarly a-BTX appears not to block transmission 
in the spinal cord of cat (DUGGAN, HALL and LEE,1976) and toad 
(MILEDI and SZCZEPANIAK,1975). DUGGAN, HALL, HEADLEY, HENDRY 
and MENCHIN (19 76) failed to label Renshaw cells with a-BTX 
ejected from micropipettes, but HUNT and SCHMIDT(1978) show 
labelling of small cell bodies lying between, but ventral to 
motor neuron perikarya, which may be Renshal cells, in 
autoradiographic experiments.
Although the question of the specificity of a-BTX 
binding has not been as thoroughly examined in the brain (partly 
because of the difficulty in detecting successful transmission), 
a reasonable amount of evidence has accumulated.'
The regional distribution of a-BTX binding in the brain 
of mouse (ARIMATSU, SETO and AMANO,1978), rat (MORLEY, LORDEN, 
BROWN, KEMP and BRADLEY,1977; SILVER and BILLIAR,1976; SEGAL, 
DUDAI and AMSTERDAM,1978; HUNT and SCHMIDT,1979a; HUNT and 
SCHMIDT,1979b) and chicken (POLZ-TEJERA, SCHMIDT and KARTEN, 
1975) is generally in good agreement with acetylcholinesterase 
staining and known areas of cholinergic termination. Perhaps 
not surprisingly there are some reports of binding in areas 
where no cholinergic termination was thought to exist (such as 
in the rat hippocampal studies of HUNT and SCHMIDT).
LENTZ and CHESTER(1977) used a horseradish peroxidase- 
a-BTX complex to show that a-BTX binding is localized on post- 
synaptic surfaces in rat brain. The same technique was used to 
localise a-BTX binding to bipolar and amacrine post-synaptic 
surfaces in the inner plexiform layer of chicken retina
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(VOGEL, MALONEY, LING and DANIELS,1977).
Deafferentation experiments in rat hippocampus (DUDAI 
and SEGAL,1978), chick optic lobe (KOUVELAS, LUCKENBILL-EDDS,
LAVAIL and GREENE,1979) and moth anntennal lobes (HILDEBRAND, 
HALL and OSMOND,1979) also suggest a post-synaptic site of 
a-BTX binding in the brain.
The pharmacological investigations of central ct-BTX 
binding sites (in rat: SCHMIDT,1977 and McOUARRIE, SALVATERRA 
and MAHLER,1978; and in chicken optic lobe: WANG, MOLINARO and 
SCHMIDT,1978) all suggest that there is one common binding 
site for a_BTX and all the classic nicotinic ligands (nicotine, 
carbamylcholine, gallamine, etc.). However there is no study 
of the correlation between binding affinity and physiological 
function in the brain as yet.
A similar immunological experiment to that done in 
the autonomic nervous system by PATRICK and STALLCUP(1977b), 
has been performed by BLOCK and BILLIAR(1979) using solubilized 
rat hypothalamic a-BTX receptors, with the opposite results. 
That is, antibodies to Torpedo nicotinic receptor precipitate 
around 70% of the rat central a-BTX receptors (of which 10% is 
non-specific). When these antibodies are added to equilibrium 
binding preparations, they decrease the rate of binding of 
a-BTX, but do not affect the final equilibrium. It is concluded 
that a-BTX binding sites and nicotinic receptor antibody 
recognition sites are on the same molecule or complex, and that 
these sites are close enough for steric hinderance to occur.
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If the question of whether a-BTX binds to the 
functional acetylcholine binding site of nicotinic receptors 
is to be answered for brain, then the ability of a-BTX to 
block cholinergic transmission must be demonstrated. FREEMAN 
(1977) has demonstrated such an effect in toad optic tectum, 
and'FEX and ADAMS(1977) has shown blockage of the responses 
to repetitive stimulation of afferents of cat cochlea. One 
of the three types of central cholinergic synapse in the 
sea snail, Aplysia, is blocked by a-BTX.
It would seem then, that evidence currently supports 
the hypothesis that a-BTX binds to the acetylcholine sensitive 
site on nicotinic receptors in the brain, if not in the 
autonomous nervous system. All that is required of course, 
for a-BTX to be used as a marker for central nicotinic 
receptors, is that it binds somewhere on the receptor molecule 
in some fixed ratio of toxin to receptor. Binding at the 
physiologically relevant site may be necessary to detect any 
possible 'masking' effects at the site.
It is evident though, that a-BTX binds to a number 
of different conformations or types of nicotinic receptors 
throughout the body, and even within a particular tissue. For 
example, a-BTX binds reversibly in all central studies, but 
irreversibly in muscle. Also there are at least two 
pharmacologically distinguishable receptors in muscle (DEKIN 
and GUY,1978; BROCKES and HALL,1975; PORTER, CHIU,WIECKOWSKI 
and BARNARD,1973) rat brain (MORLEY, et al,1977) and pigeon 
retina (YAZULLA and SCHMIDT,1977).
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6.7 Scintillation Counting
All counting was done in Beckman or Australian 
Pharmaglass scintillation vials, in a Beckman LS-250 liquid 
scintillation counter. Filters were counted in a scintillant 
made up of 2 parts toluene to 1 part Triton X-100 or Teric, 
containing 5g 2.5-diphenyloxazole (PPO) per liter of toluene. 
All other counting was done in 50% toluene + 50% 2-methoxy- 
ethanol + 8g/l 2-(4-tert.-Butylphenyl)-5-(4-biphenylyl)-1,3,4- 
oxadiazol (Butyl PBD).
7. STATISTICS
Parametric data is analysed by Student's t-test 
(KIRK,1978) and by analysis of variance (KIRK,1968). Mann- 
Whitney U-test is used for all non-parametric data (SIEGAL, 
1956).
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CHAPTER 3
DEVELOPMENT OF THE CHICKEN VISUAL SYSTEM
Introduction
1. MORPHOLOGY OF AVIAN BRAIN
The brain of the adult chicken is characterized, 
like most avian brains, by highly developed cerebral 
hemispheres with rudimentary olfactory bulbs, large and 
laterally displaced optic lobes, and a reasonably well 
developed cerebellum with distinct transverse folia (see FIGS 
2.5 and 2.6). The following descriptions appear to be 
general for most of Class Aves, but have been determined 
mostly in chick and pigeon.
The telencephalon has been traditionally 
divided into five major areas; the hyperstriatum, consisting 
of the hvperstriatum accessorium and the ventral 
hyperstriatal nuclei; the neostriatum, the paleostriatum, 
divided into the paleostriatum augmentatum and paleostriatum 
primitivum; the ectostriatum, made up of a central core zone 
and a peripheral belt known as the periectostriatal belt; 
and the archistriatum. There is a sagittal elevation on the 
dorsal surface of the telencephalon, known as the Wulst, 
comprising the hyperstriatum dorsale, intercalatus superior 
and the hyperstriatum accessorium (COHEN and KARTEN,1974), 
although this is poorly developed in the chick.
In the diencephalon, the thalamus is highly 
differentiated (POWELL and COWAN,1961). Important sensory 
relay nuclei include the nucleus rotundus (visual) and nucleus
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ovoidalis (auditory) in the central inferior group and the 
principal optic nucleus (visual) in the central superior 
group of nuclei.
The most prominent feature of the mesencephalon 
is the pair of optic lobes, consisting of a superficial rind 
known as the optic tectum, separated from the underlying 
nuclei by the tectal ventricle. The optic tectum is 
outstanding in its elaborate lamination.
The structure and development of the avian eye 
and neural retina have been well described by COULOMBPE(1955 
and 1961) and PEARSON(1972). The chick retina is made up of 
a number of highly organised layers of specialized cells, 
circumferential with respect to the eye wall, with matrices 
of synaptic arborization between them. FIG 3.l(a)shows the 
relationships between these layers of cells, diagramatically. 
Light is absorbed by the outer segments of the photoreceptors 
which form the outermost layer of the retina and interdigitate 
with processes from the cells of the pigment epithelium. The 
bodies of the photoreceptor cells form the outer nuclear 
layer and send axons into the outer plexiform layer where 
they synapse with bipolar cells. Horizontal cells provide 
communication between bipolar cells, and provide feedback 
to the photoreceptor cells. The bodies of horizontal and 
bipolar cells form the inner nuclear layer (INL) and the 
bipolar cells have axons extending into the inner plexiform 
layer (IPL) where they connect to ganglion cells. The INL 
also contains the bodies of amacrine cells. These cells 
receive input from bipolar cells and other amacrine cells
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FIG 3.1(a) Schematic diagram of the relation­
ships between neurons in the 
vertebrate retina (from STURKIE,1954). 
PE - pigment epithelium 
OS - outer segments of photoreceptors 
ONL - outer nuclear layer 
OPL - outer plexiform layer 
INL - inner nuclear layer 
IPL - inner plexiform layer 
GCL - ganglion cell layer 
NFL - nerve fibre layer 
PR - photoreceptor 
HC - horizontal cells 
BC - bipolar cells 
AC - amacrine cells
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and their axons form layers of synaptic connection in the 
IPL with bipolar, amacrine and ganglion cells. The ganglion 
cell bodies form the next layer and ther£ axons project to 
various areas of the brain via the optic nerve. The ganglion 
cell nerve fibre layer formed by these axons traversing the 
retina, is the innermost layer of the neural retina. As in 
most sub-mammalian species, there is no vascularization of 
the chick retina.
Retinal projections cross over completely to 
the contralateral side of the brain, innervating predominantly 
the optic tectum and the principal optic nucleus of the 
dorsal thalamus (OPT), but also a number of other areas 
including the suprachiasmatic, mesencephalic lentiform, 
ventral geniculate, posterodorsal pretectal and basal optic 
root nuclei and the area pretectalis.
The secondary projections of only two of these 
areas, the tectum and OPT are reasonably well documented.
Both project ultimately to the telencephalon and are known 
as the tectofugal and thalamofugal pathway (FIG3.1(b)).
The retinal projection to the optic tectum enters 
the tectum through the outer surface ( the outer layer in fact 
consists of these axons) and terminates in layers 2-7 of 
the 14 tectal layers (COWAN, ADAMSON and POWELL,1961;
GOLDBERG,1974). The tectum itself projects to a large number 
of brain areas, including the isthmo-optic nucleus (underlying 
the tectum, which receives a full topographical projection, 
(COHEN and KARTEN, 1974)), pretectum and diencephalon, and via
78
FIG 3.1(b) Tectofugal and thalamofugal visual 
pathways in avian brain (from COHEN 
and KARTEN,1974). 
to - optic tectum 
rt - nucleus rotundus 
e - ectostriatum 
dla - nucleus dorsolateralis 
anterior thalami 
w - wulst
pa - paleostriatum augmentatum
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the tectal commissure, the contralateral tectum and pretectum. 
The major projection of the tectum is an ascending tract to 
the ipsilateral nucleus rotundus in the thalamus (KARTEN and 
REVZIN,1966; HODOS and KARTEN,1966). There is also a pathway 
to the contralateral nucleus rotundus via the supra-optic 
decussation (HUNT,1973). The nucleus rotundus projects to 
the central core of the ectostriatum in the ipsilateral 
telencephalon (REVZIN and KARTEN,1966), and this seems to 
be the only major input to this area.
The thalamofugal pathway projects from the retina 
to the contralateral telencephalon via the thalamus. The 
primary retinal projection is to the principal optic nucleus 
of the contralateral dorsal thalamus which is composed of 
the lateralis anterior, dorsolateralis anterior, dorsolateralis 
anterior pars magnocellularis and suprarotundus (KARTEN, at al, 
1973). The principal optic nucleus projects to massive terminal 
fields in the ipsilateral Wulst. Terminals are dense in the 
lateral division of the hyperstriatum dorsale, and the broad 
band of granule cells of the nucleus intercalatus hyperstriatum 
accessorium (KARTEN and NAUTA,1968; KARTEN, et al,1973). A 
smaller projection reaches homotopic regions in the 
contralateral Wulst via the supra-optic decussation. The 
Wulst also receives input from a number of other areas.
2. MORPHOLOGICAL AND PHYSIOLOGICAL DEVELOPMENT
The eye forms by the invagination of the optic 
vesicle, resulting in a double layered cup. The inner layer 
eventually forms the neural retina, and the outer layer
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becomes the pigmented epithelium. Mitosis is largely confined 
to the outermost part of the retina next to what had been 
the lumen of the optic vesicle (DA COSTA,1947). The cells 
produced in this area migrate deeper into the retina. The 
stage of development of the retina when a cell migrates 
appears to determine the differentiation of that cell 
(SIDMAN,1960). In this way the layers of the retina are 
produced sequentially beginning with the innermost layers 
and ending with the photoreceptor outer segments. The 
sequence of synaptogenesis also appears to proceed 
centrifugally from the inner to outer parts of the retina 
(HUGHES and LA VELLE,1974).
By the 4th day of development, melanin granules 
appear in the pigment epithelium cells and ganglion cells 
have differentiated and send out axons which cover most of 
the inner surface of the retina by Day 6. The inner plexiform 
layer (IPL) begins forming on Day 8 and continues to grow in 
thickness. On Day 9, the ganglion cells begin to send 
processes into the IPL and the outer plexiform layer becomes 
apparent. Amacrine cell processes invade the IPL on Day 10, 
and the outer segments of the photoreceptors appear as 
small buds and begin to grow. Colourless oil droplets are 
visible in these processes from the 13th or 14th day. It is 
at this stage that 40% of the retinal ganglion cells 
degenerate (PAGER and RAGEF.,19 78) possibly as a result of 
failing to make appropriate axonal connections in the optic 
tectum. On the 15th day of incubation, the outer segments of 
the photoreceptors begin a rapid structural differentiation
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and the oil droplets begin to show colour as the retinal 
carotenoids accumulate. Processes from the pigmented 
epithelial cell layer interdigitate themselves with the rods 
and cones. Differentiation of these outer segments of the 
photoreceptors is the last major morphological change and 
although it is complete in the fundus by Day 20, the 
peripheral maturation proceeds for one or two days after 
hatch (COULOMBRE, 1955).
The retina seems to become physiologically 
functional around the 18th day of development. The 
electroretinogram appears and matures on Days 18 and 19 
(PETERS, VONDERACHE and POWERS,1958). The pupillary 
constrictor reflex shows first response to light on Day 19, 
although it could be elicited by central stimulation before 
this (LINDEMAN,1947).
Axons from the retina reach the rostrolateral 
pole of the optic tectum between the 5th and 6th days of 
incubation and spread over the surface of the developing 
tectum, to form the stratum opticum (SO). By Day 10 of 
incubation the tectum shows 10 distinct layers and all but 
the dorsomedial aspect is covered by the optic fibres. At 
Day 12, there are at least 12 layers visible and the SO 
covers the whole tectum (LA VAIL and COWAN,1971). RAGER(1976a) 
reports that the first optic synapses detectable by electron 
microscopy occur in tectum of Day 11 embryos. This is also 
the stage at which post-synaptic activity in the tectum 
appears in response to electrical stimulation of the optic 
nerve. Single unit recordings are possible by Day 12 (RAGER,
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1976a) .
Spontaneous slow waves first appear around Day 14 
in the tectum according to CORNER, SCHADE, SEDLACEK, STOECKAK 
and BOT(1967), but do not reach their mature form until 3 
days after hatch. Tectal responses to photic stimulation of 
the- retina are reported to appear at Day 18 (PETERS, et al, 
1958). RAGER(1976b) suggests that the final stage of the 
onset of the functioning of the retinotectal connection is 
the maturation of the outer segment of the receptors in the 
retina.
The development of connections in the telencephalic 
areas has not been studied in detail. CORNER, et al,(1967) has 
reported first spontaneous slow waves in the hyperstriatum 
at the same time as in the optic tectum (Day 14). These reach 
maturity around 2-3 days before hatch. A few recordings from 
chick forebrain by BROWN and HORN(1978) indicate very brisk 
and consistent responses to 1 sec flashes of light from the 
deep hyperstriatüm intercalatus and hyperstriatum dorsal in 
2 day old chicks. Response from the hyperstriatum accessorium 
was far less consistent at this age. They claimed the response 
of the deeper layers was independent of the chicks' visual 
experience, while responses in the hyperstriatum accessorium 
were greater in chicks which had been previously exposed to 
static white illumination for half an hour and a flashing red 
light for a total of 3 hours, than in dark-reared chicks.
JONES and HORN(1978) have also recorded from the ectostriatum 
of 15 day old chicks, and found visually evoked potentials 
of greater size than any other part of the forebrain examined.
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It seems that the connections of the chick visual 
system are almost complete by the time the chick hatches, but 
there may be some higher telencephalic connections still being 
made during the time that the chick receives its first major 
visual experiences.
3. BIOCHEMICAL DEVELOPMENT
Age of chicks in days from the beginning of 
incubation will be referred to as El to £21, and age in days 
after hatch, as Pi onwards.
The chick brain weighs about 38mg on the fifth 
day of incubation. Its wet weight increases in a slightly 
sigmoidal deviation from linearly until hatch (E21), when 
the whole brain weighs around 800-900mg; an increase of about 
20 fold (LESLIE and DAVIDSON,1951; CARRIGAN and CHARGAFF,1963; 
SUZUKI, NAGASE and YAGI,1975). The same general pattern was 
reported for the wet weights of optic lobes and forebrain 
hemispheres, with the forebrain weighing almost 3 times as 
much as the optic lobes at hatch (VOS, SCHADE and VAN DER 
HELM,1967).
After hatch, the brain continues to increase 
linearly in weight, being lh times hatch weight after 2 
weeks (SUZUKI, et al,1975), and almost 2 times hatch weight,
17 days after hatch (BURDICK and STRITTMATTER,1965). The 
same linear increase was followed by optic lobes and forebrain 
(VOS, et al,1967), doubling their hatch weight after 3 weeks. 
CARTON and APPEL(1974) also reported a 60% increase in the 
weight of optic tecta between hatch and P16. The weight of
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the chick eye increased linearly with age between E7 and 1 
day after hatch (COULOMBRE,1955), as did retinal area.
The developmentof the protein content of the 
brain follows a similar pattern to wet weight although its 
increase is greater. Protein as a percent of wet weight at 
hatch was twice the value at E7, and continued to increase 
up to at least 3 weeks post-hatch (McGEER, MALER and 
FITZSIMMONS,1974). SUZUKI, et al(1975) and BURDICK and 
STRITTMATTER(1965) both reported an increase in protein per 
mg wet weight between El5 and 3-4 days post-hatch. This 
corresponds to the period when water content decreases in 
the chick brain (VOS, et al, 1967). CARTON and APPEL(1974) 
found a 53% increase in the protein content of optic tecta 
in the first 16 days after the chick hatches. Nitrogen 
content of optic lobes and forebrain also increased fairly 
linearly until hatch (GAYET and BONICHON,1961) but then 
levelled off (VOS, et al,1967). Protein content of retina 
peaks at E12, El6 and El8 according to KATAOKA(1955).
There was a similarly gradual increase in cell 
mass (LESLIE and DAVIDSON,1951) and cell number (CARRIGAN and 
CHARGAFF,1963) in whole brain until hatch, and cell number 
doubled again after hatch. Of course, there are individual 
areas with decreasing cell numbers (COWAN,1971; COWAN and 
WENGER,1967; COWAN,1973). GAYET and BONICHON(1961) demonstrated 
a corresponding increase in oxygen consumption in optic 
lobes, between E5 and E20, which was again slightly sigmoidal.
LESLIE and DAVIDSON(1951) reported a sigmoidal 
increase in deoxyribonucleic acid-phosphorus (DNA-P), which
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directly reflects cell numbers, between E8 and E23 in the 
whole brain, but in the optic lobes there was a sharp increase 
at E5 followed by a decelerating increase up to E20 (GAYET 
and BONICHON,1961). MARGOLIS(1969) reported a slow increase 
in optic lobe DNA from Ell through to 45 days post-hatch. 
Forebrain DNA increased considerably between Ell and E21 
and continued to gradually rise after hatch.
From published studies of the development of 
specific activities öf enzymes and concentration of metabolites, 
it is possible to describe a general pattern of biochemical 
development in the chick brain. With a few exceptions, specific 
activities begin increasing slowly during the second week of 
incubation and then increase more rapidly during the final 
week of incubation. This increase is usually more marked in 
neurotransmitter enzymes and metabolites than other enzymes. 
Specific activity may level off after hatch, or increase 
further. In some cases specific activity decreases after hatch, 
as protein content continues to increase, but total activity 
of the enzymes remain constant. Only those reports dealing 
with some aspect of neurotransmitter metabolism will be 
discussed.
VOS, et al,(1967) reported a steady increase in 
specific activity of glutamic acid decarboxylase (GAD) and 
y-aminobutyric transaminase (GABAT) in whole brain between 
E12 and E20. No adult values were given. ENNA, YAMAMURA and 
SNYDER(1976) reported sigmoidal increases in total GAD 
activity and total 3H-GABA binding per whole brain between 
E9 and P5. SUZUKI, et al,(1975) examined tryptophan metabolism
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in whole brain over a wide pre- and post-hatch period, but 
only made their measures at 3 day intervals. This means they 
had only one determination between 2 weeks incubation and 
hatching, a period that appears to be most critical in 
tryptophan metabolism. 5-Hydroxytryptamine (5-HT) and 
5-hydroxyindoleacetic acid (5-HIAA) both showed steady 
development from E7 to a constant specific activity from 
hatch to 2 weeks after hatch, except for a transient drop 
at E17. The specific activity of the enzyme, monoamine 
oxidase (MAO), showed a halt in development between El4 and 
E17, but also reached a maximal value at hatch and remained 
constant thereafter. Tryptophan concentration itself showed 
an unusual pattern of development. It was already at adult 
concentration (in relation to wet weight) by E7, and dropped 
linearly until E17 when it began to increase again. If the 
total quantity of tryptophan is calculated from the results 
of this paper, it can be seen that there was a steady 
increase in tryptophan, with only a slight levelling off 
between E14 and El7. SUZUKI, et al,(1975) interpreted this 
data as evidence for a critical period in tryptophan 
development during the last week of incubation. The maximum 
specific activity of 5-hydroxytryptamine decarboxylase was 
reached after hatch (EIDUSON,1966). The greatest increase was 
around the hatching period.
These reports of changes in levels of metabolites 
and enzymes in the whole brain reveal nothing about the 
possible variety of timecourses of development in different 
brain regions. The following reports deal with the
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biochemical development of optic lobe, forebrain and retina. 
Although this information is much more useful than the above 
reports, it must be remembered that these are also regions 
of great complexity and regional differentiation.
BONDY and PURDY(1977) measured synaptosomal 
neurotransmitter uptake at E6, Ell, El5, El8, E21 and P8.
The complexity of development of neurotransmitter uptake 
requires more regular determinations than this. In the 
optic lobe, serotonin and dopamine uptake per mg wet weight 
increased steadily throughout this period, falling 45% by 
8 days of age. Glutamate uptake reached maximal specific 
activity by Day 11 and also fell slightly after hatch.
McGEER, et al,(1974) separated the optic tectum 
from the sub-ventricular part of the lobe in chicks after El2. 
They found that the specific activity of GAD was around 50% 
higher in the tectum than the underlying areas at P2 and 
P9. In the tectum the specific activity of GAD increased 
sigmoidally from E7 to hatch, while the specific activity of 
DOPA decarboxylase reached adult level 3 days after hatch.
In contrast, tyrosine hydroxylase (TH) reached adult specific 
activity by E15, remaining constant until at least 3 days 
after hatch Adult activity was about 50% of this level.
According to McGEER, et al, (19 74) , DOPA 
decarboxylase in the forebrain develops in a similar pattern 
to that enzyme in optic lobe, although forebrain exhibited 
twice the specific activity. GAD developed in the same way 
and with the same specific activity as in the optic lobe, 
but began to fall just before hatch. Mo adult levels were
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given. The specific activity of TH in forebrain increased 
from E13 to a peak 3 days after hatch, when it was 3 fold 
greater than in the optic lobe. The adult value was half this 
level.
The specific activities of uptake of GABA and 
serotonin in forebrain follow closely the development in 
optic lobe. GABA uptake was slightly higher in optic lobe, 
while serotonin uptake was higher in forebrain (BONDY and 
PURDY,1977). The specific activity of glutamate uptake 
increased linearly from E7 to hatch and then levelled off. 
Dopamine uptake dropped slightly from El8 to hatch and then 
increased 2^ fold in the next 18 days.
Retinal GABA uptake increased steadily from E6 
to P8, at which time it was half the specific activity in 
optic lobe. Serotonin uptake reached a low maximum at El8, 
and was almost nonexistant after hatch. Dopamine uptake 
increased steadily in retina but remained quite low. At 
Ell the specific activity of glutamate uptake reached a 
maximum value midway between the values for forebrain and 
optic lobe. Activity then dropped by 80% at hatch and 
remained at this level (BONDYand PURDY,1977).
COULOMBRE(1955) showed that the pigment, 
astaxanthin, accumulates at a rate that closely parallels 
general enzyme development. It increased sigmoidally from 
El6 to P2 and then continued to increase at a slower rate 
up to at least P18. The density per mg protein or wet weight 
levelled off after hatch, like the activity of most enzymes. 
Development of the specific activity of adenylpvrophosphatase
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(apyrase) was quite unusual (COULOMBRE,1955). In the neural 
retina (ie. without the pigment epithelium), apyrase activity 
showed 3 major peaks. The first occurred around E7-E8, the 
second at E11-E13 and the last at El6. The apyrase activity 
of the pigment epithelium followed the same pattern but was 
at 'least twice as great as in the neural retina. The specific 
activity determined in combined neural retina and pigment 
epithelium was constant from E18 to Pl8. The first of these 
peaks correlates with the appearance of the inner plexiform 
layer, the second peak with the appearance of the outer 
plexiform layer. The third peak occurs at a time when oil 
droplets appear in cones and when astaxanthin is first 
detected. The depression between the last two peaks also 
correlates with the 40% loss of ganglion cells reported by 
RAGER and RAGER(1978).
The general pattern of biochemical development, 
and in particular the development of neurotransmitter 
biochemistry, is characterized by a rapid increase in total 
activities and specific activities during the last week of 
incubation. This corresponds to the period of morphological 
differentiation, as well as the onset of electrical activity 
in chick brain. The forebrain and optic lobe are generally 
quite similar in development, while the retina shows a 
greater variety of developmental patterns.
Most research on the biochemical development of 
neurotransmitter systems in chick brain has investigated the 
cholinergic system. Determination of the enzymes choline 
acetyltransferase (ChAc) and acetylcholinesterase (AChE) have
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been dominant, with a few reports of acetylcholine and choline 
levels, and very recently, development of the two markers for 
muscarinic and nicotinic cholinergic receptors has been 
reported.
Total acetylcholine (ACh) content of whole chick 
brain increased in parallel with wet weight, except for 
slight rises in specific level between E8 and E12, as well 
as E18 and E20, according to BURDICK and STRITTMATTER(1965). 
Choline concentration increased from E13 to a peak at hatch, 
and then fell 30% in 2 days, followed by a gradual increase.
BURDICK and STRITTMATTER(1965) and RAMIREZ(1977a) 
agree that the specific activity of AChE in whole brain 
increases sigmoidally from about E8 to P8. The period of 
greatest increase was the last 5 days before hatch. VJhile 
RAMIREZ(1977a) reported a linear increase in the specific 
activity of ChAc from E9 to P10, BURDICK and STRITTMATTER(1965) 
claim that specific ChAc activity levelled off after hatch.
Using indirect methods STRUDEL and GATEAU(1977) 
suggested that cholinergic receptors are present in chick 
embryo as early as 40-48 h of incubation. Direct measurement 
of muscarinic receptors in whole brain, using the ligand QNB, 
has been reported by ENNA,et al,(1976). Although no error 
estimations were given by these workers, it appears that 
their results are extremely variable and it is hard to draw 
any conclusions about development from their data, although 
they claimed the data suggest a sigmoidal development of both 
total and specific activity beginning about El2 and levelling 
off around El8. KOUVELAS and GREEN(1976) showed a smooth
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development of nicotinic receptors (as measured by a- 
bungarotoxin (a-BTX) binding) per mg protein of whole brain 
between E6 and hatch, followed by a slight drop to adult 
level. Unfortunately there are gaps of 5-6 days on each side 
of hatch in the timecourse.
Once again, chqnges of this type in whole chick 
brain tell us little about the chronology of cholinergic 
maturation and its relation to morphological and physiological 
development.
The development of ACh concentration in forebrain 
hemispheres is quite different to whole brain. The amount of 
ACh per mg protein increased 11 fold between E5 and ElO, and 
then remained constant until hatch, when it dropped 30% and 
then slowly returned to hatch level at 2 weeks
after hatch (EBEL, MASSARELLI, SENDENBRENNER and MANDEL,1974). 
Unfortunately, BONDY and PURDY(1977) only report the specific 
activity of choline uptake at three ages. However it appears 
that the specific activity of choline uptake in forebrain 
increased 2% fold between El8 and hatch, and continued to 
increase slightly after hatch.
The specific activity of AChE in the forebrain 
increased sigmoidally from E9 to hatch, and then dropped by 
50%, in three days, finally reaching only a slightly higher 
level at 4 weeks of age, according to EBEL, et al,(1974). In 
contrast ROGERS, et al,(1960) found no decline up to 2 days 
after hatch and a greater specific activity at 6-9 weeks than 
at hatch.
MARCHISIO and GIACOBINI(1969) and EBEL, et al,
(1974) both report a sharp drop in specific activity of ChAc 
in forebrain immediately after hatch. ChAc activity dropped 
40-50% in the first day after hatch, but this was auickly 
reversed and specific activity continued to increase for 
at least 4 weeks. McGEER, et al,(1974), who detected no such 
transient drop, may well have missed it due to the spacing 
of their determinations.
Cerebral a-BTX binding reaches adult level of 
specific activity after only 10 days of incubation. This 
fell to 50% by E15, and steeply rose to adult level at E17, 
remaining constant after this (KOUVELAS and GREENE, 1976).
In terms of total binding per hemisphere however, these early 
changes were quite small and do not appear to be 
statistically significant.
The study of BONDY and PURDY(1977) showed a 
similar development of choline uptake in optic lobe to that 
in forebrain, although optic lobe reached a 40% greater 
specific activity 8 days after hatch.
The specific activity of AChE increased from E5 
to hatch in a sigmoidal manner in optic lobe (ROGERS, et al, 
1960; BONICHON,1960; SPERTI, SPERTI and ZATTI, 1960; GAYET 
and BONICHON,1961; KILGORE and GLICK,1970) and optic tectum 
(McGEER, et al,1974; RAMIREZ,1977b). FILOGAMO(1960), McGEER, 
et al,(1974) and RAMIREZ(1977b), agree that specific activity 
in optic tectum continues to increase as long as 4 weeks 
after hatch. ROGERS, et al,(1960) reported no difference 
between lobe activity at hatch and 6-9 weeks after hatch, but 
their assay for cholinesterase was not specific to acetyl-
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Cholinesterase.
MARCHISIO and GIACOBINI(1969) and RAMIREZ(1977b) 
reported a steady increase in the specific activity of ChAc 
in optic lobe and tectum, from E6 to P60. McGEER, et al,(1974) 
found a slight drop below hatch level after 3 weeks in optic 
tectum, and also reported that there was little difference 
in ChAc activity between supraventricular (ie. tectal) and 
subventricular portions of the lobe, in chicks aged 2 and 9 
days post-hatch.
WANG, MOLINARO and SCHMIDT(1978) and WANG and 
SCHMIDT(1976) reported a rapid increase in specific a-BTX 
binding per mg of optic lobe fromElO to a sharp peak at 
hatch. Binding fell to 50% of this value by Pl4. KOUVELAS 
and GREENE(1976) also reported a sharp increase in binding 
per mg protein in optic lobe, but in this study the peak 
occurred at E15. Levels of binding in the study of WANG, et al, 
(1978) were about 10 fold greater than those found by KOUVELAS 
and GREENE(1976), and KOUVELAS, LUCKENBILL-EDS, LA VAIL and 
GREENE(1979).
LINDEMAN(1947) reported a steep increase in 
ACh content of retina around El9. The synthesis and storage 
of 3H-ACh per mg protein following incubation with 3H- 
choline, increased between E6 and ElO, and again between 
El6 and El9, decreasing 50% in the post-hatch period and then 
slowly increasing again (BADER, BAUGHMAN and MOORE,1978).
The E19 peak of synthesis and storage of ACh was inhibited 
by hemicholinium-3 (an inhibitor of high affinity choline 
uptake), but the earlier rise was not. This suggests that
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the pre-hatch rise in ACh content is due to the maturation 
of the choline uptake system. The only direct measurements 
of choline uptake in retina have been made by BONDY and 
PURDY(1977) at El8, E21 and P8 and by BADER, et al(1978), 
at E13, E19 and in adult chicks. Unfortunately, absolute 
values in the two studies do not correspond at all. BONDY 
and PURDY(1977) indicated a slight increase from El8 to 
P8 while BADER, et al,(1978) reported a 6 fold increase 
between El3 and El9, and a slight increase from El9 to 
adult. The specific activity of choline uptake in retina 
at P8 was only 25% that in optic lobe. An autoradiographic 
study of high affinity choline uptake by BAUGHMAN and BADER 
(19 77) , localized uptake to 6% of cells in the inner nuclear 
layer, 19% of cells in the ganglion cell layer, and 2 bands 
in the inner plexiform layer (IPL). The authors suggested 
that the uptake in the ganglion cell layer may be localized 
in displaced amacrine cells, and uptake in the inner nuclear 
layer is by amacrine or inner bipolar cells. The two bands 
of choline uptake in the IPL correspond to the two major 
bands of AChE staining.
According to SHEN, GREENFIELD and BOELL(1956), 
histochemical staining for AChE first appears in retinal 
ganglion cells at E4, in amacrine cells at E6 and in the 
IPL at E8. The stratification of AChE staining in the IPL 
correlated in pattern and sequence of appearance with the 
synaptic terminals of ganglion, amacrine and bipolar cells 
in this"layer. As in the pigeon (NICHOLS and KOELLE,1969) 
there were two major and two minor bands of staining in the
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IPL at hatch. AChE staining was also found in horizontal 
cells but not bipolar cells or the outer plexiform layer.
ROGERS, et al,(1960), LINDEMAN(1947) and RAMIREZ(1977b), 
indicate a typical rise in the specific activity of AChE from 
E8 until hatch, with possibly a slight drop after hatch.
BADER, et al,(1978) performed a detailed ChAc 
timecourse between E7 and P6 in retina. Two major increases 
in specific activity occurred around ElO and just after 
hatch. Specific activity continued to increase up to P60.
The few points, between E7 and E16, determined by PURO,
DE MELLO and NIRENBERG(1977) confirm the first of these 
rises. The data of RAMIREZ(1977b) is too sparse to be of 
any use.
SUGIYAMA, DANIELS and NIRENBERG(1977) found that 
total QNB binding in chick retina began increasing around 
E5 and levelled off at about El5, remaining constant 
thereafter. There are no autoradiographic studies of QNB 
binding in chick retina.
Binding of a-BTX per mg protein in chick retina rose 
from E7 to a peak at hatch, dropping slightly to adult level 
according to VOGEL and NIRENBERG(1976). WANG and SCHMIDT(1976) 
reported a much faster and greater decrease in specific 
binding after hatch, following their binding data for optic 
lobe almost exactly. Both of these regions develop binding 
much later than muscle which peaked in a-BTX binding at E13.
An autoradiographic study of a-BTX binding in pigeon retina 
by YAZULLA and SCHMIDT(1977) revealed binding in both the 
inner plexiform layer (IPL) and the outer plexiform layer
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(OPL). Binding in the IPL was more diffuse than choline 
uptake and AChE staining and was sensitive to inhibition 
by nicotine, while the binding in the OPL was not inhibited 
by nicotine. Biochemical studies confirm that there are 
two forms of a-BTX receptor in pigeon retina, differing in 
their sensitivities to nicotine.
It seems there-i are at least two critical periods 
of retinal cholinergic development. Around the time of 
formation of the inner plexiform layer, ie. just after E8, 
an initial increase in ChAc activity is probably responsible 
for the hemicholinium-3 resistant increase in ACh synthesis 
and storage. In the few days before hatch, when functional 
maturity is achieved, there is a second peak in ACh synthesis 
and storage and a sharp rise in total ACh level which are 
probably associated with the maturation of the choline 
uptake system. AChE activity and QNB and a-BTX binding all 
reach maximal specific levels at this time.
It can be seen from this review of the literature 
that while distinct patterns of overall development are 
apparent, nowhere is there a comprehensive account of the 
development of a number of related neurochemical markers in 
a particular region of the CNS.
Unfortunately most studies do not attempt enough 
determinations over their timecourse, leaving 3 or 4 days 
between samples. Determinations need to be made at least every 
2 days during embryonic development, with special attention 
given to the hatching period. Some studies examine only a 
short period of development, without giving any information
98
about levels in adult chicks (or at least chicks that are 
a few weeks old). In these cases it cannot be determined 
whether the increases represent the whole development of the 
enzyme or merely a small part of its overall development.
Also, it is clear that there exist enormous differences in 
development between different brain regions and consequently 
information about whole brain development is of little 
value. Even the regions into which the central nervous 
system (CNS) is routinely dissected, are complex structures. 
The retina is usually dissected out with the pigment 
epithelium still attached. The optic lobe consists of the 
superficial optic tectum and a host of subventricular 
structures, and the forebrain is even mere complex. Often 
the exact nature of dissection of optic lobe and retina are 
not described. Also values are usually reported as specific 
activities, ie. in relation to protein, wet weight or even 
nitrogen development. Although this information is useful, 
two variables are being reported at once, and if no separate 
data for one of the variables is given, it is impossible 
to conclude anything about the development of total activities 
in a brain region.
The large variation in absolute values given for 
biochemical parameters between different groups makes it 
impossible to combine data, and also makes isolated reports 
of a single biochemical marker hard to integrate with the 
literature.
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4. PLAN OF PRESENT STUDY 
4.1 Cholinergic Development
The normal development of cholinergic markers was 
determined in 3 brain regions, the retina, optic lobe and 
forebrain hemisphere, in order to resolve some of the 
anomalies in the literature, and to examine the relative 
patterns of development of these brain regions and to provide 
baseline data for further experiments. Wet weight and protein 
content, as well as the activities of acetylcholinesterase 
and choline acetyltransferase, and the specific binding of 
3H-quinuclidinyl benzilate and 3H-ct-bungarotoxin were 
determined from E7 to P21.
Determining all these markers in 3 regions of the 
CNS in the same chick, has the advantage of revealing any 
anomalies specific to the chick or the region, as well as 
giving precise relative values between brain regions. For 
example any anomalies in a particular chick, such as below 
average development, will be evident in all brain regions, 
while deviation from normal in a brain region, such as a 
poor dissection, will be evident in the total levels of 
all the biochemical markers.
Optic lobe is used throughout this study, rather 
than optic tectum, for two reasons. Lobes are much more 
quickly and reliably dissected and therefore more suitable 
to the large numbers of chicks used (up to 160 lobes in 
some fractionation experiments). Also, because lobes can be 
dissected with much more uniform weight than tectum, total 
levels of markers can be determined more accurately. In
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other words, some regional specificity is sacrificed for 
biochemical accuracy. For similar reasons, no attempt was 
made to separate pigment epithelium from neural retina.
4.2 Subcellular Distribution of Cholinergic Markers
Enzyme activity and ligand binding was determined 
ir. subcellular fractions to the level of synaptic junctions 
and post-synaptic densities in 2 day old and 3-4 week old 
chicks, to test whether the receptor markers are in fact 
appropriately enriched in synaptic areas, and to examine 
any possible differences in the distribution of markers 
between relatively mature chicks, and newly hatched chicks, 
ie. over an important developmental period. AChE activity 
and QNB and a-BTX binding were examined in fractions 
enriched in nuclei, microsomes, mitochondria, myelin, 
synaptosomes, soluble material, synaptic membranes, synaptic 
mitochondria and vesicles, synaptic junctions and post- 
synaptic densities.
4.3 Effect of Visual Deprivation on Development
That the chicks' visual system is modified by 
its visual experiences immediately after hatch can be 
inferred from a number of studies (eg. JONES and HORN,1978; 
BATESON and WAINWRIGHT,1972). If this is so, then measurable 
biochemical differences might be expected to exist between 
chicks raised in light compared to those raised in dark.
In particular the behavioural 'switching on' of the chick 
visual system after hatch, known as priming (BATESON and
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WAINWRIGHT,1972), may have a measurable neurochemical basis.
When dark-reared rats are first exposed to light, 
changes have been found in AChE activity (KLING, FINER and 
NAIR,1965; ROSE and STEWART,1978), QNB binding (ROSE and 
STEWART,1978) protein synthesis (RICHARDSON and ROSE,1973) and 
colchicine binding (POTEMPSKA and ROSE,1980), although WOOD 
and ROSE(1979) reported that a light-dependent increase in 
AChE activity in rat visual cortex only resulted from visual 
experiences at a particular time of day.
Prolonged visual deprivation in chicks is known 
to result in lower AChE activity in some regions of chick 
brain. Adult chicks maintained on 14 h light/10 h dark cycle 
for 56 days have a 40% higher AChE activity in the diencephalon 
than chicks held in complete darkness (WINGET, WILSON and 
McFARLAND,1967). BONDY and MARGOLIS(1971a, 1971b) maintained 
chicks in light or dark conditions from El6 to Pl7. Although 
total protein content in optic lobe and forebrain was the 
same in both groups, the light group showed a 12% higher 
AChE activity in lobes and a 13% higher activity in forebrain. 
These effects were entirely absent in chicks raised in light 
for 2 days after hatch and then held in the dark for 15 days. 
The wet weight and AChE activity were the same in optic lobes 
and forebrain of light and dark raised birds, even though 
the dark birds had a significantly lower body weight.
It is of interest to know how soon these changes 
occur. Eggs separated at El7 werehatched in the dark or in 
the light. AChE activity and QNB binding were determined at 
various times from 30 h before hatch to 48 h after hatch.
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Methods
1. CHOLINERGIC DEVELOPMENT
Determination of wet weight, protein, AChE, ChAc,QNB 
and ot-BTX during development was carried out on two groups 
of birds. The first series covered days E7, E9, E12, E13, E15 
El7, E20 and Pi, and the second series Pi, P7, Pl4 and P21.
Five chicks were used at each age. Although there is often 
a great deal of batch difference in chick biochemistry, the 
two series were able to be matched because of the overlap 
on Pi. However, there is some discrepency in the ot-BTX binding 
data in forebrain. Post-hatch changes in ot-BTX binding were 
checked in optic lobe and forebrain using 10 chicks at hatch, 
and 10 chicks at P6. Chicks were killed, brain regions 
dissected and weighed, and biochemistry carried out as 
described in General Methods.
2. SUBCELLULAR DISTRIBUTION OF CHOLINERGIC MARKERS
All chicks used in fractionation studies were 
raised in the normal light hatchers and in the chicken colony.
The basic subcellular distribution of AChE, ONB 
and ot-BTX were determined in a total of 2 3 fractionations 
each involving 5-31 chicks. Each marker was determined in the 
forebrain and optic lobe of both 2 day old, and 4 week old 
chicks, in 1-4 experiments. Homogenates were initially 
fractionated into a heavy pellet (NUC), containing nuclei 
as well as capillary fragments, blood cells, and unbroken 
cells; a lighter pellet enriched in mitochondria and nerve 
endings, known as the crude mitochondrial fraction (CMIT);
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one or tv/o fractions enriched in microsomes (MIC I and MIC II) 
and the remaining supernatent (SOL), containing the highly 
soluble cell elements. The CMIT was further separated into 
fractions enriched in myelin (MY), the pinched-off nerve 
endings known as synaptosomes (SYN), and mitochondria, as 
described in General Methods. The last fraction is referred 
to as 'pure' mitochondria (PMIT) in contrast to the crude 
mitochondrial fraction, but is still not free of contaminants, 
such as synaptosomes. QNB and a-BTX binding were not 
measured in soluble fractions, as the separation procedure 
in these assays only retains particulate protein.
All these fractions were further purified or 
fractionated as described in General Methods, to reveal any 
enrichments of the markers. The term purified is meant to 
indicate that the fraction is more enriched in its primary 
constituent, ie. purified NUC is richer in nuclei, purified 
MY in more concentrated myelin, as revealed by its brilliant 
whiteness, and purified PMIT is enriched in mitochondria, as 
shown by the darker brown colour.
MY and PMIT were purified from forebrain of 2 
day old chicks and forebrain and optic lobe of 4 week old 
chicks. QNB binding was determined in all these, and AChE 
activity determined in the 2 day forebrain samples. The 
AChE activity and QNB binding of purified NUC were determined 
for the forebrain of 2 day old and 4 week old chicks 
respectively. The 4 week forebrain determinations represent 
two experiments, while the rest are each from one experiment.'
The a-BTX assay was unavailable at the time of these experiments.
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The sub-microsomal distribution of QNB binding 
was determined in one experiment using forebrain from 4 week 
old chicks. This was not pursued as little is known about 
the enrichment of microsomal elements in these sub-fractions.
The sub-synaptosomal distribution of cholinergic 
markers was determined in 13 experiments, by the method 
described in General Methods. AChE activity and QNB binding 
were determined in the forebrain and optic lobe of 2 day 
old and 4 week old chicks. a-BTX binding was determined in 
these two brain regions in 4 week old chicks only. Each 
marker was determined in each region at each age, in 1-3 
fractionations, each using 21-80 chicks. Although 6 fractions, 
labelled D to I from lightest to heaviest, are normally 
obtained, in a number of cases too little D or even E 
fraction was obtained to analyse. Synaptic plasma membrane 
is believed to be spread between fractions E and H, being 
most enriched in F and G. The D fraction contains largely 
synaptic vesicles, while the I fraction is enriched in 
synaptosomal mitochondria.
Synaptic plasma membrane (SPM) was obtained by 
the method described in General Methods, basically by 
taking layers F and G of the sub-synaptosomal fractionation. 
This was then processed into fractions enriched in post- 
synaptic densities (PSD), synaptic junctions (SJ), the 
synaptic pellet (SP) which remains after detergent 
disruption of SPM, and the soluble constituents (SSOL).
The whole brains of 30 chicks in each of the two experiments 
were used to determine AChE activity and ONB binding, as
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large quantities of tissue are required. Again the a-BTX assay 
was not available at this time.
3. VISUAL DEPRIVATION
Eggs were incubated for 17 days and then separated 
into two groups. One group was hatched in a normal, light 
hatcher and transferred to the chicken colony cages described 
in General Methods. The other group was hatched in a darkened 
hatcher held at the same temperature and humidity, and were 
transferred to the dark holding boxes previously described.
All biochemical methods were as described in General Methods. 
The assay for a-BTX was not available at the time of this 
experiment.
Chicks were killed at hatch and 3, 6, 18 and 48 
h after hatch. Five eggs from each group were opened and the 
embryos removed at 30 h before the mean hatch time. There 
could therefore be considerably more variability in the age 
of these chicks. Each age is represented by between 1 and 
3 batches. Unfortunately the 6 h groups contained only 2-4 
chicks, from only 1 hatch. The -30 h groups are also from 
one batch. The 3, 18 and 48 h groups all represent 3 batches, 
except for chicks used for the AChE data which are from only 
2 batches. Exact numbers of chicks are indicated in the graphs.
Results
1. CHOLINERGIC DEVELOPMENT
The physical development of 3 CNS regions, the
106
retina, optic lobe and forebrain hemisphere are shown in terms 
of wet weight (FIG 3.2(a)) and protein content (FIG 3.2(b)).
In these, and all other figures in this chapter, data refer 
to one retina, lobe or hemisphere. It is evident in all regions 
that growth continues at a steady rate after hatch. Optic 
lobe and forebrain exhibited maximum rate of growth just 
before hatch. Retinal growth, as a total figure, appeared to 
cease between E13 and E20. Protein content remained almost 
constant while wet weight decreased over this period. These 
effects are shown more clearly when the data is graphed as a 
percentage of the value in 3 week old chicks (FIG 3.3). In 
the early part of embryogenesis the retina was well ahead of 
the two brain regions in its gross development, but the optic 
lobe and forebrain caught up during the last week of 
incubation. It is not known to what extent the difficulty in 
dissecting retina in early embryos contributed to these 
changes in data for retina. Optic lobe appeared to develop 
somewhat earlier than forebrain.
Data for all markers are given in terms of total 
amount of activity per brain region as this gives a very 
valuable indication of development. One reason for this is 
the extreme heterogeneity of the tissue. If we are dealing 
with a system that represents only a small portion of the 
neurochemistry of a tissue, then developments of other 
systems will affect the observed specific activity of these 
markers. For this reason, data are presented in relation to 
both protein content and wet weight for easy comparison with 
the literature.
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FIG 3.2 Development of total wet weight and protein
content of chick retina, optic lobe and forebrain 
between ages E7 (7 days of incubation) and P21 
(21 days after hatch) . Data is the mean value 
for at least 5 chicks.
+HAMBERGER and HAMILTON (]951) .
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FIG 3.3 Development of wet weight and 
protein content of chick retina, 
optic lobe and forebrain, expressed 
as percentages of adult values.
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Acetylcholinesterase activity in developing chick 
brain is shown in FIG 3.4. While forebrain showed slightly 
more total activity, optic lobe had a much higher specific 
activity, reaching 200 nmol/min/mg protein. Both forebrain 
and optic lobe showed a slight drop in specific activity 
between El2 and E15. While retina appeared to reach a stable 
level by hatch, forebrain and optic lobe were still in their 
rapid stage of development for at least a few days post-hatch. 
After this they increased steadily with wet weight and 
protein development.
Choline acetyltransferase developed somewhat later 
than AChE in all regions (FIG 3.5). Optic lobe was particularly 
rich in ChAc activity, reaching 4 times the specific activity 
in forebrain. There was a halt in development of ChAc in 
retina between El3 and El8 and a 20% drop in specific activity. 
The first appreciable increase in ChAc in the forebrain did 
not occur until considerably later than in the other two 
regions. Development after 2 weeks post-hatch was not as 
great as AChE development.
The marker of muscarinic cholinergic receptors 
(QNB) increased considerably after hatch in forebrain and 
optic lobe, but only slightly in retina (FIG 3.6). Optic lobe 
was slightly richer in muscarinic receptors, in relation to 
tissue weight than forebrain, although this difference 
seemed to be increasing with age. This divergence may just 
reflect the possibility that forebrain reaches peak activity 
before optic lobe. Again, there was no increase in retinal 
activity in the last week before hatch.
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FIG 3.4 Development of acetylcholinesterase activity in chick 
retina, optic lobe and forebrain, expressed as nmol of 
acetylthiocholine hydrolysed per min. 'Per brain region' 
refers to one retina, lobe or hemisphere. All points 
are the mean of values from 5 chicks, except 1 day post­
hatch, which is the mean value from 10 chicks. Chicks 
aged fron E7 up to half of those in the Pi group were
9
obtained from a single hatching , and all older birds 
and the other half of the Pi group were from another single 
batch. S.E.M. is less than 25% in all but the lcwest age.
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FIG 3.5 Development of choline 
acetyltransferase activity in 
chick retina, optic lobe and 
forebrain, expressed as nmol of 
acetylcholine formed per h. Number of 
chicks and batches as described in
FIG 3.4.
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FIG 3.6 Development of muscarinic receptors 
in chick retina, optic lobe and 
forebrainr expressed as pmol or fmol 
of 3H-QNB bound. Number of chicks and 
and batches as described in FIG 3.4.
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a-BTX binding developed in quite a different 
pattern (FIG 3.7). Binding in retina and optic lobe reached 
a peak at hatch before decreasing considerably. Binding per 
mg protein in optic lobe decreased by nearly 50% over 3 
weeks. There was an actual decrease in the total number of 
a-BTX receptors in these two regions, during the first week 
post-hatch, ie. nicotinic receptors are lost after hatch. After 
this, retinal binding increased steadily but binding in optic 
lobe increased at a slower rate than wet weight or protein.
The data for forebrain was the only instance where the two 
series of determinations did not overlap accurately, and 
were therefore drawn as two separate curves. Since the 
determinations were performed on the same chicks as the other 
chemical assays, this inconsistency was most probably due to 
a variation in assay conditions. The result of checking the 
changes in a-BTX binding in forebrain and optic lobe between 
hatch and 6 days after hatch is shown in FIG 3.7(d). The 
relationship between binding at hatch and 6 days of age were 
confirmed for optic lobe. The 14% loss of total number of 
receptors was significant (Students t-test; p<0.05), as was 
the 36% drop in specific activity (p<0.0005). In contrast 
the binding in the forebrain increased by 15% over this period. 
Forebrain binding increased in proportion to protein increase, 
after 1 week post-hatch.
FIG 3.8 displays the same data up until hatch, 
calculated as a percentage of the level at 3 weeks of age.
This gives some idea of the relative development of each 
marker in each brain region. The cerebral a-BTX data has been
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FIG 3.7 Development of nicotinic cholinergic
receptors in chick retina, optic lobe and
Oforebrain expressed as fmol of H-a-BTX bound. 
Number of chicks and batches as described in 
FIG 3.4.
Forebrain data is shown as discontinuous since 
data from the two batches did not coincide. To 
investigate this mismatch in optic lobe, 10 
chicks were killed at hatch and 10 were killed 
at 6 days after hatch. The results are shown in 
inset d).
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FIG 3.8 Development of four cholinergic markers in 
chick retina, optic lobe and forebrain, 
expressed as a percentage of adult total 
activity or binding per region. Number of 
chicks and batches as described in FIG 3.4.
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plotted using the second determination of levels around 
hatch time, which are assumed to be correct. Forebrain and 
optic lobe showed the same pattern, with a-BTX binding being 
outstanding in its early development. Retina was quite 
different, with ChAc showing two separate periods of 
development, and generally lagging behind the other markers.
2. SUB-CELLULAR DISTRIBUTION OF CHOLINERGIC MARKERS
The basic distributions of AChE, QNB and cr-BTX 
at both ages are shown in FIG 3.9 for optic lobe, and FIG 
3.10 for forebrain. The ordinate axes indicate the specific 
activity of the marker in the fraction as a ratio to the 
specific activity of the marker in the total homogenate.
This also applies to FIGS 3.11 and 3.15. Therefore a specific 
activity above 1.0 on these scales indicates an enrichment 
relative to the whole homogenate. The abcissca indicates the 
amount of protein in the fraction as a percentage of the 
total protein in the homogenate. Hence, the area representing 
a particular fraction is a measure of the total amount of the 
marker in the fraction. Figures appearing inside each graph 
refer to the recovery of protein achieved. It can be seen 
from the graphs that the recovery of all three markers, with 
the exception of the a—BTX data for 4 week old forebrain, 
was very close to the recovery of protein. This indicates that, 
as would be expected, the soluble fraction is not very 
enriched in the two receptor markers.
It is obvious that all three markers were present 
in all fractions, with AChE perhaps being the most uniformly
FIG 3.9
124
Subcellular distribution of AChE 
activity, QNB and a-BTX binding 
in optic lobe of 2 day old and
4 week old chicks. The number of f'ractionatior
and total number of chicks used are indicated
» 9
on each graph. The ordinate axis show the 
specific activity of the fraction as a ratio 
to the specific activity of the total 
homogenate. The abcissca is scaled for the 
cumulative amount of protein in the fraction 
as a percentage of the total protein in the 
homogenate. The figure enclosed within each 
graph is the total recovery of the marker.
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FIG 3.10 Subcellular distribution of 
AChE activity, QNB and a-BTX 
binding in forebrain of 2 day 
old and 4 week old chicks.
Axes and labels are as described
in FIG 3.9.
- 
BT
X 
Q
N
B
 
AC
hE
127
2 DAY 4 WEEK
3EXPTS 
20 CHICKS
2 •
MIC II
CMIT MIC I
MV
NUC
SOL
73%
SYN 
PMIT
100%
3 E 
31 C
MIC
MY
NUC CMIT
SYN
SOL
76%
PMIT
71%
4 E 
25 C
3 E 
20 C
MY
MIC nm ich
CMIT
NUC
94%
MY
MIC I SYN
CMIT
SYN
NUC
PMIT
82% 72%
PMIT
95%
1 E 
50 C
1 E 
21 C
SYN
MIC
CMIT
NUC
99%
MY
NUC
PMIT
84%
CMIT
72%
PMIT
SYN
MY
MIC
49%
%TOTAL PROTEIN
128
distributed. CMIT tended to be slightly enriched in all 
markers in relation to the total homogenate, but MIC showed 
the greatest enrichment. There appeared to be no pattern 
in the distribution of markers amongst the sub-CMIT fractions. 
SYN was generally enriched in the receptor markers, but not 
with respect to AChE. There were no obvious differences 
between the two brain regions or between the two ages.
The effects of purifying some of these fractions, 
are shown in FIG 3.11. In all cases, QNB binding was decreased 
markedly in purified NUC, MY and PMIT. This reduction was 
less marked in AChE activity, with the exception of purified 
NUC.
FIGS 3.12 and 3.13 indicate the sub-synaptosomal 
distribution of markers in optic lobe and forebrain 
respectively. No value was determined for AChE activity in 
the I fraction of 4 week optic lobe. Figures inside the 
graph refer to recovery of marker from the synaptosomal 
fraction.
Here it is clear that the F and G fractions were 
highly enriched in AChE activity and QNB binding. The G 
fraction which was particularly enriched in a-BTX binding, 
with a greater concentration in the H fraction than the F 
fraction. This contrasts with the other two markers. In 
optic lobe, there was a shift with age of peak AChE activity 
and QNB binding from the F to the G fraction. Such an effect 
was not seen in forebrain. The I fraction and, where 
measurable, the D fraction are low in all markers.
When the same sort of fractionation was carried 
out using the microsomal fraction (FIG 3.14), there was a
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FIG 3.11 AChE activity and QNB binding in
a number of purified fractions. Values 
are expressed as ratios of specific 
activity to the specific activity of 
the homogenate. Numbers in bars are 
percent protein recovery from 
homogenate.
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FIG 3.12 Sub-synaptosomal distribution of 
AChE activity and ONB and a-BTX 
binding in optic lobe of 2 day old 
and 4 week old chicks.
The ordinate axis shows the ratio of
9
specific activity of the fraction to 
the specific activity of the total 
homogenate. The abcissca shows the 
cumulative protein content of the fractions 
as a percentage of the protein content of the 
total homogenate. The figure enclosed in the 
graph is the percentage recovery of the 
marker from the synaptosomal fraction.
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FIG 3.13 Sub-synaptosomal distribution 
of AChE activity and QNB and 
a-BTX binding in forebrain of 
2 day old and 4 week old chicks. 
Axes and labels are as described
in FIG 3.12.
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FIG 3.14 Sub-microsomal distribution of 
QNB binding in forebrain of 4 
week old chicks. Ordinate axis shows the 
ratio of specific activity of the fraction 
to the specific activity of the total 
homogenate. The abcissca shows the cumulative 
protein content of the fractions as a 
percentage of the content of the total 
homogenate.
FIG 3.15 AChE activity ans QNB binding in
some sub-synaptosomal fractions of 
whole brain of 4 week old chicks.
SPM - synaptic plasma membrane 
PSD - post-synaptic densities 
SJ - synaptic junctions 
SP - synaptic pellet 
SSOL- synaptic soluble fraction
Numbers within bars are percentage protein 
recovery from the total homogenate.
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very different result. Again there was a great enrichment 
of QNB binding, even greater than in sub-synaptosomal fractions, 
but in this case there were two distinctly separate peaks 
of binding.
The results of detergent extraction and r
fractionation on synaptic plasma membrane (SPM) are shown 
in FIG 3.15. It can be seen that AChE activity and QNB 
binding was all but lost in these fractions.
3. VISUAL DEPRIVATION
Data for the forebrain is shown in FIG 3.16.
Results are given as percentages of the level at 3 weeks 
of age. Total AChE activity and QNB binding were used. Light 
and dark reared chicks differed significantly at only two 
points. Their forebrains differed in wet weight at 3 h 
and in AChE activity at -30 h. There were 4 significant 
differences between light and dark groups in the optic lobe 
data (FIG 3.17); at two points in wet weight and two points 
in the protein data.
discussion
1. CHOLINERGIC DEVELOPMENT
Although most previous studies do not cover as 
great a range of development or as detailed a timecourse, 
there is good agreement on the pattern of cholinergic 
development in chick, between this study and the literature,
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FIG 3.16 Biochemical development of forebrain of
chicks raised in the light (open circles) or 
dark (closed circles). Ordinate is expressed 
as a percentage of the adult total level. 
Numbers refer to the number of chicks 
representing each point. Where no number 
is given, the number from the corresponding 
point in the top graph is applicable. 
Statistical differences refer to light v's 
dark reared chicks at the same age.
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FIG 3.17 Biochemical development of optic lobe of 
chicks raised in the light (open circles) 
or dark (closed circles). Axes and labels 
as described in FIG 3.16.
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as far as they can be compared.
The quite detailed timecourse of AChE development 
in optic lobe up until hatch given by GAYET and BONICHON 
(1961) agrees with the pattern of development found here, 
although their data is in units which make comparison of 
absolute terms difficult. The post-hatch drop in AChE specific 
activity in forebrain reported by EBEL, et al,(1974), in 
contrast to ROGERS, et al,(1960), was confirmed here, 
although the decrease was not as great. The general pattern 
of AChE development in the present study agrees with nearly 
all the literature, and absolute levels of activity agree with 
EBEL, et al,(1974), IOBAL and TALWAR(1971) and VERNADAKIS 
(1969), while other reports do not vary beyond 2-3 fold 
differences.
The four major reports of ChAc development in 
chick CNS are in quite good agreement with this study.
McGEER, et al,(1974) described similar developmental 
patterns in optic lobe and forebrain, although their 
absolute values were 2 fold higher than this study.
MARCHISIO and GIACOBINI(1969) agree with the optic lobe 
and most of the forebrain timecourse and with lobe and 
forebrain absolute values reported here. The large transient 
post-hatch drop in specific activity of ChAc in forebrain 
they found, which was also reported by EBEL, et al,(1974), 
was not replicated here, although appropriate ages were 
examined. EBEL, et al,(1974) agrees with the very slow 
development of cerebral ChAc activity up until the last week 
of incubation. Their absolute values for ChAc activity were
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about as high as those obtained here. The timecourse of 
retinal ChAc development agrees with BADER, et 31,(1978) in 
that there were two separate periods of development, although 
such a broad plateau between these phases was not found 
here. In this regard, current results agreed more closely 
with the much more restricted study of PURO, et al,(1977). 
Absolute levels of retinal ChAc activity were half those 
of BADER, et al,(1978), but exactly ecual to those of PURO, 
et al, (1977).
The pattern of development of retinal ONB specific 
binding, as well as absolute binding levels agree exactly 
with the results of SUGIYAMA, et al,(1977). The only report 
of a measurement of QNB binding in a specific region of chick 
brain was by FRANCIS, JAGANNATH and SCHECHTER(1980). Their 
figure of 240fmole of QNB binding per mg protein in optic 
lobe of 4 day old chick is slightly lower than reported here.
The absolute levels of a-BTX binding in lobes 
and forebrain reported by KOUVELAS and GREENE(1976) are in 
good agreement with those found here. The pattern of total 
a-BTX development in forebrain is the same, if the second 
determination of the hatch period is taken to be correct. 
Although their huge, but not very significant drop in binding 
per mg protein up to El5 was not found here, there was a 
small drop around El3. Comparison of the optic lobe data 
with that of KOUVELAS and GREENE(1973) is difficult because 
of their lack of time points around hatch. Because of this, 
they found no peak at hatch and no post-hatch drop. In all 
other respects the data are similar. The pattern of development
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is in agreement with WANG, et al,(1978) for optic lobe, and 
VOGEL and NIRENBERG(1976) for retina, although in both cases 
absolute levels of a-BTX binding were 10 fold greater than 
found here.
Before discussing these results further it is 
necessary to examine a few possible limits on interpretations. 
VOS, et al,(1967) list a number of considerations in regard 
to enzyme activities. Primarily, rates of activity in vitro 
may be less directly related to activity in vivo for reasons 
such as compartmentation of enzymes and metabolites, and 
in particular the changing compartmentation of metabolites 
with the development of the blood brain barrier, which could 
exert effects such as altering substrate induction of enzymes. 
Also it is important to remember we are dealing with a 
heterogenous tissue. Glial cells and neuronal cells 
supporting different types of neurotransmitter systems, may 
all contribute to these measurements. All probably develop 
at different rates. It is known for some pathways, such as 
cerebral glucose metabolism (LOWRY and PASSAONEAU(1964), 
that enzymes can exist in vast excess of requirements, so 
that for example, a 50% adult level of activity, found at 
hatch, may represent full enzymatic capacity of the system.
In other words the enzyme concentration may not be the 
limiting factor in its activity in vivo.
The receptor binding assays were carried out at 
ligand concentrations near to saturation level, and therefore 
reflect the total number of binding sites available. No 
information about the kinetics of binding can be obtained
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without incubating each sample with a large range of ligand 
concentrations. Any gross change in kinetics could alter the 
apparent total number of binding sites, but it is also 
possible that kinetic changes could occur undetected by this 
method. However, it seems most likely that the adult receptor 
levels are attained simply by the synthesis and accumulation 
of receptors. It must be remembered however that receptors 
which have been synthesized but not yet transported to nerve 
terminals and incorporated into membranes, probably still 
bind ligand in the assay in vitro.. This compartmentation 
means that the data will not reflect only the post-synaptic 
receptors. This applies to adult animals, as receptors are 
being continually replaced, and particularly to developing 
animals where the ratio of functional to non-functional 
receptors may change with age. Nevertheless, it is still 
reasonable to assume that gross changes in receptor binding 
in vitro reflects the accumulation of these receptors in a 
potentially functional position in the cell, at least 
within 1 day in timing.
It is also worth noting that no very sudden 
changes in biochemistry should be anticipated, even where 
the biochemical event is very closely tied to a morphological 
event, because it appears that most morphological 
differentiations occur in waves of activity through a tissue, 
often taking more than one day to complete, eg. the innervation 
of the optic tectum by the optic nerve (LA VAIL and COWAN,
1971) .
Cholinergic markers in the retina began developing
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about five days before the lobes and the forebrain. This 
is in keeping with the more advanced morphological development 
of retina, in which cellular differentiation begins around 
E4. Between E7 and E13 the highly organised morphological 
stratification of the retina becomes evident, and cells are 
rapidly differentiating. 40% of the retinal ganglion cells 
die between E12 and El5, just as their axons start to branch 
into the optic tectum, according to RAGER and RAGER(1978).
This degeneration is maximal on E13. It is likely that the 
terminals of bipolar and amacrine cells which innervate these 
cells will subsequently degenerate. This degeneration 
correlates with a cessation or deceleration of the 
development of all cholinergic markers, which begin to show 
a second phase of increase just before hatch. This pattern 
was most clearly shown by ChAc development which tended to 
lag behind the other markers.
All markers, with the exception of ChAc activity, 
were greater than 60% of adult level at 1 day before hatch. 
This elevation in the last few days before hatch correlates 
with synaptogenesis in the inner plexiform layer (HUGHES, 
and LA VELLE,1974), with the appearance of an electroretino- 
gram (PETERS, et al,1958), the appearance of the pupillary 
contrictor reflex (LINDEMAN,1947), and with the first 
measurable tectal response to photic stimulation (PETERS, 
et al,1958). In other words, the second rise in cholinergic 
markers is at the time of attainment of functional maturity, 
which lasts 1 or 2 days into post-hatch life as the outer 
segments of peripheral rods and cones fully differentiate
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(COULOMBRE,1955). By 1 week after hatch all markers had 
reached stable levels.
AChE and ChAc activity and QNB binding showed a 
remarkable parallel development in optic lobe. They 
developed very much later than in retina, not showing any 
appreciable increase until El5, and not rising above 10% 
adult level until E17. The steepest increase in these markers 
was around hatching time, and they all continued to increase 
considerably after hatch. It is during the first few days 
post-hatch that spontaneous slow wave activity reaches a 
mature form (CORNER, et al,1967), although electrical 
activity and functional responses to photic stimulation of 
the retina occur before this (PETERS, et al,1958). The 
development of a-BTX binding was quite different to that 
of other cholinergic markers. It began increasing very 
early, with the fastest increase during the second v/eek of 
incubation. It reached maximal level by hatch and then the 
total number of receptors decreased over the following 
week. This suggests some unusual and possibly developmental 
role for a-BTX receptors in optic lobe. It is apparent from 
deafferentation studies in optic lobe (WOOLSTON,ROSE, HAMBLEY 
and MORGAN, 19 80; FRANCIS, et al,1980), that AChE, ChAc and 
muscarinic receptors are resistant to short term changes, 
and therefore the neurotransmitter at the optic nerve 
terminals is unlikely to be acetylcholine. However, the 
binding of a-BTX does decrease by as much as 50% in 
deafferented lobes within 1 week (WOOLSTON, et al,1980; 
BRECHA, FRANCIS and SCHECHTER,1979; KOUVELAS, et al,1979).
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This suggests that ct-BTX receptors may be closely associated 
with optic terminals, possibly in some pre-synaptic modulatory 
role. It is tempting to compare the early peak in a -B T X  
binding in chick optic lobe to the unusual finding of HUNT 
and SCHMIDT(1979b) in the hippocampus of newborn rats. In an 
autoradiographic study, these authors found a high concentration 
of a -B T X  binding at the mouth of the dendate gyrus, a region 
where there is no known cholinergic termination. This binding 
disappeared after two weeks, and the authors speculate about 
a special developmental role of a -B T X  receptors. The most 
interesting developmental problem in the chick visual system 
is the formation of the topographical representation of 
the retina in the optic lobe. This pattern is established 
during the last week of incubation, when a -B T X  binding 
is far ahead of other markers in development. Although 
suggesting a role for a -B T X  receptors in retino-tectal 
specificity is quite speculative, it is worth noting that 
FREEMAN(1977) claims that a -B T X  causes sprouting of optic 
nerve fibres in toad tectum.
Development of AChE, ChAc and muscarinic receptors 
in forebrain hemispheres was almost identical to their 
development in optic lobe. This is reasonable as the onset 
of electrical activity and visual functionality are very 
similar in these two regions. Again a-BTX receptors were 
outstanding in their early development, although there was 
no sharp peak in binding at hatch. There is presumably a 
topographically accurate visual projection to the forebrain.
If a -B T X  receptors were again playing a developmental role
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in establishing these connections, the dramatic peak and 
post-hatch decrease in binding sites seen in optic lobe 
would not necessarily be expected as the visual projection 
to the forebrain is only a small part of the forebrain's 
connections, in contrast to the optic lobe. That is, the 
forebrain may also possess nicotinic receptors which develop 
in a normal manner which partly masks the development of 
receptors for any special role.
At the 7th day of the chick's embryogenesis, 
all four cholinergic markers were below 40% of their adult 
level. During the period of gross morphological development 
and cellular proliferation there was very little change in 
these markers. During the period of cellular differentiation, 
the cholinergic system developed rapidly. Electrical activity 
and functionality appear during this period, and the chick 
is very adequately equipped with a functioning visual system 
(and motor and other systems) when it emerges from the egg. 
During the first week after hatch, levels of markers changed 
somewhat, but after this a steady linear increase in parallel 
with brain growth was evident in all cholinergic markers 
examined here.
This approach to the identification and study of 
the development of cholinergic systems and their relation 
to function, seems well worth pursuing. The retina is the 
best system for relating biochemistry and histochemistry to 
function because of its easily observable strata of 
organisation, and the progressive differentiation of these 
layers during development, although the pigment epithelium,
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so closely attached to neural retina, introduces some 
biochemical difficulties. Also, the retinotectal projection 
of chick is a useful system because the single massive 
projection from retina to tectum is relatively well defined, 
and the retina provides easy accessability for any interventive 
studies. Three points should be made about future work on 
the development of this system. Firstly, the detailed 
development of choline uptake, as well as AChE and choline 
levels, is needed to complete the data presented here. The 
unusual nature of the development of a-BTX receptors should 
be investigated futher. Lastly, the importance of muscarinic 
receptors cannot be ignored, as it has been outside of this 
study since they are 30 times more numerous than a-BTX 
receptors in optic lobe and they develop in parallel with 
the other cholinergic markers.
2. SUBCELLULAR DISTRIBUTION OF CHOLINERGIC MARKERS
The subcellular distribution of only one of these 
cholinergic markers, AChE, has been reported in chick. A 
study by WEBSTER and KLINGMAN(1979) using forebrain of 1 
day old chick, claims that AChE was most active in the soluble 
fraction, while the microsome-rich fraction showed least 
activity. This is exactly opposite to the result consistently 
found in this study. The enrichments of the CMIT and sub- 
synaptosomal F fraction are however, identical in the two 
studies, as are the values for the MY and PMIT fractions.
The sub-synaptosomal distribution of AChE activity has been 
determined in whole chick brain using a flotation-sedimentation
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technique (VAN LEEUMAN, STAM and OBSTREICHER, 19 76) and in a 
mixture of forebrain, optic lobe amd cerebellum, using a 
Ficoll separation (OESTREICHER and VAN LEEUMAN,1975). In 
both cases similar enrichments occur in SPM containing 
fractions as were found here.
Most studies of the distribution of the receptor markers 
have been carried out in rat brain, and are in quite good 
agreement with the results found here. SALVATERRA and MATTHEWS 
(1980) indicated slight enrichments in QNB and a-BTX binding 
in CMIT, greater than 2\ fold enrichment of both markers in 
SYN, and slightly less than 2 fold enrichment in MIC. The 
data presented by SALVATERRA, MAHLER and MOORE(1975) showed 
that AChE activity was similarly distributed, but both 
AChE activity and a-BTX binding showed greatest enrichment 
in the MIC fraction. This general pattern was again confirmed 
by DE BLAS and MAHLER(1978) for all three markers, with MIC 
being most enriched in the receptor markers and SYN being 
most enriched in AChE activity. LUKASIEWICZ and BENNETT(1978) 
also agree that a-BTX binding is most enriched in the MIC 
fraction. SALVATERRA, MAHLER and MOORE(1975) also report sub- 
synaptosomal distributions very similar to those obtained 
here. a-BTX binding and AChE activity were both most enriched 
in the SPM containing fractions. DE BLAS and MAHLER(1978) 
performed Ficoll/sucrose fractionations, similar to those 
done on CMIT, on microsome containing fractions, and found 
a considerable enrichment in a-BTX and QNB binding in the 
middle band. They carried out further separations on
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discontinuous sucrose gradients and obtained enrichments as 
high as 3.6 fold in a-BTX binding and 5.4 fold in QNB binding. 
They argued that this activity was in fact related to synaptic 
material which was present in the MIC fraction, and further 
suggest that the synapse may belong to a particular class which 
behave differently in the gradients to those that arrive in 
the SYN fraction.
There are a few reports of the subcellular 
distribution of cholinergic markers in the brains of other 
species. GREGG, SPANNER and ANSELL(1977) found that QNB 
binding is highest in the microsomal fraction of bovine 
caudate nucleus, as well as in MY. They found no loss of 
binding as they purified the myelin fraction. BOSMAN(1972) 
reported similar sub-synaptosomal distribution of 3H- 
acetyl-a-BTX binding in guinea pig cerebral cortex, with high 
enrichments in the F and G fractions. In a fractionation 
of goldfish brain, FRANCIS and SCHECHTER(1980) found highest 
enrichment of all three markers in the SYN fraction. 
Unfortunately they did not give any data for a microsome- 
containing fraction.
The general findings of this study were the same 
as in other species. Markers were present in all of the crude 
fractions, and usually most enriched in the microsome- 
enriched fraction. It has been shown for the case of QNB 
binding, that enriching MY, PMIT and NUC fractions in their 
major constituents severely reduced binding. It can be 
concluded that these entities, myelin, mitochondria and 
nuclei possess at most, very low ability to bind QNB. The
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The lesser decrease in AChE activity under these conditions 
may be due to its more ubiquitous distribution. It would be 
of great interest to examine the ability of these purified 
fractions to bind a-BTX, as some doubts have been cast on 
the anatomical specificity of this ligand.
The cholinergic markers were always most 
enriched in the two SPM-containing fractions of the SYN. The 
enrichments of up to 3.5 fold found here are higher than 
most reported in the literature. This is the expected 
result if AChE activity and QNB and a-BTX binding are indeed 
markers of cholinergic synapses. The similarity in the 
pattern of distribution between QNB and a-BTX binding is 
supportive of the proposition that a-BTX binds to cholinergic 
receptors.
The extraction of synaptic junctions and post- 
synaptic densities by treatment of the membranes with mild 
detergents resulted in loss of AChE activity and QNB binding. 
Unfortunately it is not possible to assay for solubilized 
receptors with the method used, so it cannot be concluded 
whether the muscarinic receptor was removed from the membrane 
or whether its ability to bind QNB had been destroyed. As 
only 3% of AChE activity was recovered after the extraction 
of post-synaptic densities, it appears that the sodium 
N-lauroyl sarcosinate treatment destroyed AChE activity.
As DE BLAS and MAHLER(1978) discovered in rat 
brain, there was considerable amount of highly enrichable 
QNB binding in the microsomal fraction. Any combination of 
three possible reasons foe this may be the explanation.
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Firstly, there is inevitably some contamination in these 
fractions, or more correctly, the fraction referred to as 
predominantly microsomal will also contain some synaptic 
material. This is the explanation used by DE BLAS and MAHLER 
(1978). It is also true that AChE and the receptors must 
be synthesized in the cell and transported to their synaptic 
location. Many of these molecules will fractionate among 
the microsomal debris. Lastly, it must be considered that 
there could be functional intracellular sites for these 
molecules.
OSHIMA, KOMURO, MICHALEC and KIKUNO(1980) showed 
clear differences between the development of AChE activity 
in synaptic membrane and microsomal fractions of chick optic 
lobe. Between stages 41-45 (E15-E20) the activity of synaptic 
membranes lagged behind the development of activity of 
microsomes. This was interpreted as a result of the transport 
of new AChE from synthesizing machinery to its synaptic site. 
Such changes are not likely to be observed between the ages 
studied here, although any change would be of greater interest 
during this period of early environmental influence. Where 
comparisons can be made between sub-synaptosomal distributions, 
ie. AChE and QNB distribution, it appeared that the markers 
were more enriched by the fractionation process in 2 day 
old chicks than in 4 week old chicks. Also there may be some 
shift in the markers from the lighter F fraction to the heavier 
G fraction during this period.
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3• VISUAL DEPRIVATION
Dark-reared chicks showed greater forebrain and 
optic lobe wet weight after hatch than light-reared chicks.
It is most likely that the chick's fluid balance is very 
susceptible to the environment at this stage, so these 
differences could have resulted from slight variations in 
the humidity of light and dark holding boxes or hatchers.
It is not clear why protein content was lower in light-reared 
chicks at 18 and 48 h after hatch, especially since this was 
only evident in the optic lobe. The dark-incubated -30 h 
group showed a lower AchE activity in forebrain. This 
single case of a significant difference in the two cholinergic 
markers was probably due to the large variation in real age 
of chicks in the -30 h groups. Since there were no post-hatch 
differences in total AChE or QNB levels, and in particular 
no suggestion of any differences 48 h after hatch, it can be 
concluded that the effects of light deprivation in chick 
reported by BONDY and MARGOLIS(1971a; 1971b) are a long 
term process. Therefore such effects are of much less interest 
to the problem of what is happening to the chick's visual 
system in the early days of life.
Given the far greater variation in the levels 
of nicotinic receptors around the time of hatch, it would 
be of great interest to examine the effects of dark-rearing 
on cr-BTX binding. In particular, it should be determined 
whether the post-hatch loss of nicotinic receptors is light 
dependent.
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CHAPTER 4
EXPOSURE TO AN IMPRINTING STIMULUS; CORRELATIVE APPROACHES
Introduction
1. LITERATURE REVIEW
By far the best series of experiments on the 
biochemical correlates of experience has been carried out on 
young chicks which have been exposed to an imprinting stimulus. 
This paradigm has a number of advantages which have already 
been discussed. There are however, both behavioural and 
biochemical problems to be overcome so that such data can be 
meaningfully interpreted, and in particular there is need 
to demonstrate some degree of behavioural and biochemical 
specificity. That is, these effects are interesting only if 
we are dealing with an aspect of behaviour which is related to 
a long-term change in the chick's behaviour, and if we are 
dealing with biochemical changes which are related to this 
behaviour. Above all, in order to examine these questions of 
specificity, any effects must be highly reproducible, especially 
for subsequent biochemical specification. The literature will 
be reviewed bearing in mind these points.
Biochemical correlates of exposure to an imprinting 
stimulus were first reported in abstract form only, by 
EIDUSON, GELLER and BECKWITH(1961). Chicks aged 16 or 40 h, 
followed a surrogate mother in a circular path for 30 min. RNA, 
DNA, noradrenalin, glutamic acid decarboxylase, AChE and 
fumerase were examined but no indication given of techniques or 
whether turnover, specific activity etc. was measured. A
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negative correlation was reported between the amount of 
following and whatever measures of RNA and AChE were used.
This group subsequently failed to replicate this data 
according to BATESON, HORN and ROSE(1972).
BATESON, HORN and ROSE(1969) reported that 
incorporation of 3H-lysine into acid-insoluble material in 
forebrain roof increased during exposure of chicks to an 
imprinting stimulus for 105 min. This data, and the effects 
of exposure to an imprinting stimulus on 3H-uracil 
incorporation (ROSE, BATESON, HORN and HORN,1970) were 
reported again in greater detail by BATESON, et al,(1972). 
Chicks were hatched in the dark, and held in dark boxes until 
experiments began, usually when the chicks were 12--24 h old. 
The imprinting stimulus, a rotating orange box lit from 
inside, was the same as that used in this study and is 
described in General Methods. Chicks were held in cages 
placed 45cm from the stimulus. Three groups of chicks were 
used; an experimental group was exposed to the flashing 
light, a light control group was placed in an identical 
situation but received only diffuse white light, and a dark 
control group was held in a dark holding box. Approach was 
tested by placing a chick in a grey runway, 120cm in length, 
with the imprinting stimulus at one end, and recording time 
taken to reach a series of black lines marked each 15cm along 
the runway. Brains were dissected into midbrain (including 
optic lobes), forebrain base and forebrain roof. Sometimes in 
subsequent studies, the roof was divided into anterior and 
posterior portions. Liver samples were also taken.
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An initial experiment examined the effects of time 
of hatch on lysine incorporation. Chicks were divided into 
groups which hatched either earlier than 6 h before the mean 
hatch time, or later than 6 h after mean hatch time. Chicks 
were held in the appropriate exposure conditions for 115 min. 
Chicks in the experimental group were tested in the approach 
runway for the first 10 min of the exposure period. 3H-lysine 
was injected 45 min before the end of this period. All chicks 
were then retested for 2 min and killed. Both early and late- 
hatchers approached the stimulus considerably quicker after 
exposure than before it (p<0.001). The early-hatchers 
exposed to diffuse light approached as quickly as chicks 
exposed to the stimulus, but the late-hatching group
3behaved the same as the dark controls. Incorporation of H- 
lysine into acid-insoluble material was significantly 
greater in the forebrain roofs of the early-hatched 
experimental group compared to the dark controls.This 
experimental group had greater lysine incorporation than the 
light controls, but this only borders on significance. 
Statistical significance was found in the earlier report 
(BATESON, et al,1969), where the data was standardized by 
dividing each value by the mean value of all chicks in the 
same hatch. When the data was standardized by dividing each 
value by the mean value of dark control chicks in the same 
hatch (BATESON, et al,1972) then no significant difference 
was found between the experimental group and the light controls. 
Data for total radioactivity of the lysine pool indicate a 
good deal of variation in a number of regions, all bordering 
on statistical significance, and in opposite directions in
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early and late-hatchers.
The authors concluded that the late-hatched 
chicks showed no change in lysine incorporation in forebrain 
roof because they were past the sensitive period for 
imprinting. The behavioural data presented contradicts this 
conclusion, since the late-hatched groups show greater 
reduction in approach time after exposure than the early- 
hatchers. Also it is stated that despite hatch time, all . 
chicks were of the same post-hatch age (16.6 ± 0.1 h) at the 
beginning of their treatment. This then, rather than arguing 
for a correlation between biochemistry and behaviour as the 
authors suggest, in fact argues against it. Even if approach 
is not the best measure of imprinting, it is clear that a young 
chick needs and has the ability to be imprinted 16 h after 
hatch even if it has hatched late. In fact MCDONALD(1968) and 
GUITON(1959) have suggested that the sensitive period only 
terminates when an appropriate attachment is made. x-.
It should be noted that lysine was administered 
to the chicks while they were receiving different treatments, 
and therefore lysine metabolism is subject to the immediate 
effects of these treatments. This is shown by the variation in 
uptake of the precursor into different brain regions with 
different behavioural manipulations, and by the fact that 
uptake and incorporation of lysine in liver was modified by 
those manipulations in early-hatchers. Also, according to the 
data in the more recent paper, there was no significant 
difference between incorporation in the forebrain roof of 
imprinted chicks compared to light controls, so there is no
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evidence for a stimulus-specific effect. It is not sufficient 
to argue, as the authors do in the earlier report, that there 
is no significant difference between light and dark control 
groups.
Reasoning that a change in protein synthesis may be 
preceded by a change in RNA synthesis, this group then looked 
at the incorporation of labelled uracil (ROSE, et al,1970; 
BATESON, et al,1972). Chicks from the early and middle part 
of the hatch were used exclusively in this and the subseauent 
studies by this group. Chicks in the experimental group were 
tested for 10 min, then all chicks were injected with 3H-uracil, 
and exposed to the flashing light, diffuse light or darkness 
for 150 min. They were then retested and killed. In thiä case 
there were no significant differences in radioactivity of 
uracil pools. Results were standardized in relation to the 
mean of dark controls from the same hatch. There was greater 
incorporation of uracil into presumed RNA in the forebrain 
roof and base in experimental and light control groups 
compared to dark controls, and there was an increase in the 
midbrain of experimental chicks compared to both light and 
dark controls. Again, there does not appear to be a stimulus- 
specific change in the forebrain, but this was apparent in 
midbrain. It could therefore be suggested that the midbrain 
is the site of specific effects of imprinting, but the authors 
choose the explanation that more direct visual stimulation of 
the optic tectum occurs in the experimental than the light 
control group, and hence that there is a greater general 
effect of stimulation in the experimental group. Even if this
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so, a greater difference between experimental and light control 
groups would be expected in the forebrain roof if some 
stimulus-specific effect is localized in this area. In fact 
no regional specificity of the increased incorporation of 
uracil existed in the imprinted chicks, as all three regions 
showed increases, with the greatest elevation in the midbrain.
A similar experiment examined the effects of 
shorter periods of stimulation, but due to the organization 
of the experiment there were in fact two independent 
variables being manipulated which could both considerably 
affect the result. The exposure period was placed symmetrically 
in the middle of an otherwise dark period of 150 min, so that 
while the chicks exposed for 160 min in the previous 
experiment were killed immediately, the chicks exposed for 
76 min here, were held in the dark for 37 min, and the chicks 
exposed for 38 min were held for 56 min in the dark before 
being killed. Data was standardized as in the previous 
experiment. The incorporation of 3H-uracil was significantly 
higher (16%) in the forebrain roof of chicks after 76 min 
exposure than in light controls, and 20% higher than dark 
controls. Unfortunately the method of standardizing and 
presenting the data gives no information of the variability of 
data from the dark control chicks. The authors concluded that 
this was a specific effect of exposure to an imprinting 
stimulus, which occurs sooner than the general effects of 
of sensory stimulation.
Taken together, this evidence suggests that the 
rates of both lysine and uracil incorporation are elevated in
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response to exposure to light. There is some degree of 
regional specificity after a certain period of exposure, but 
the same trend is seen in all regions. Elevation of uracil 
incorporation is greater in imprinted chicks than light 
controls, in the forebrain roof of chicks exposed for 76 min, 
but this stimulus-specific response is also evident in the 
midbrains of chicks exposed for 160 min.
To support this evidence for a change in RNA 
synthesis, HAYWOOD, ROSE and BATESON(1970) examined changes 
in RNA polymerase activity. Using an assay, in vitro3 avoids 
problems of precursor specific activity, inherent in measure­
ment of RNA turnover. No light controls were used in this 
study. No indication of the real variability of results was 
given. Each exposed chick was paired with a dark control, and 
specific activities (dpm/yg DNA) of forebrain roof ar.d base 
and midbrain were calculated as percentages of the mean 
specific activity of all three brain regions in both chicks.
An increase in the specific activity of RNA polymerase was 
evident in all three brain regions of chicks exposed to an 
imprinting stimulus for 30 min; 12% in midbrain, 21% in forebrain 
base and 34% in forebrain roof. This was statistically 
significant only in the forebrain roof. While this could be 
taken as supporting an increased turnover of RNA in forebrain 
roof in response to imprinting, the regional specificity is 
by no means clear cut, and, as the authors point out, the 
increase is only in relation to dark controls and so may be a 
result of general visual stimulation.
HAMBLEY, ROSE and BATESON(1972) attempted to find
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a change in brain metabolism which preceded the elevation of 
RNA polymerase, by examining the correlation between exposure 
to the imprinting stimulus with levels of adenosine 3 *:5' 
monophosphate (cAMP). Chicks were exposed to the stimulus for 
only 15 min and immediately killed by immersion in isopentane 
cooled by liquid nitrogen. This is because post-mortem levels 
of cAMP are known to change very rapidly. cA_MP was significantly 
depressed by 65% in forebrain roof of imprinted chicks 
compared to dark controls, while the midbrain of imprinted 
chicks showed a significant 55% increase in cAMP.' The change 
in the midbrain was evident after 5 min stimulation and also 
seen in the light control group. The authors suggest, 
therefore, that the latter effect is the result of general 
visual stimulation of the midbrain, but that the change in 
the forebrain roof may be a more specific effect. Surprisingly, 
no information is given about the forebrain roof of the light 
control group,as this data would make these results much more 
meaningful.
Changes in the metabolism of cAMP, RNA polymerase, 
RNA and protein are all reported to occur in the forebrain 
roofs of chicks exposed to an imprinting stimulus. However, it 
is not clear whether these are localized effects, nor has it 
been shown that these changes are not simply due to direct 
effects of visual stimulation.
The question of the biochemical specificity of 
these results was approached by HORN, HORN, BATESON and ROSE 
(1971). This data was again published in HORN, ROSE and 
BATESON(1973a).They attempted to look at the involvement of
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general aspects of behaviour, such as activity, stress and 
hormonally-mediated arousal in the changes observed by using 
one side of a chick's brain as the control for the other 
side.
An initial experiment examined changes in 3H- 
uracil incorporation in each side of the brain after monocular 
exposure to the imprinting stimulus for either 76 min or 150 
min. There were no significant differences in the standardized 
incorporation between the two sides of the brain in any 
region. As no dark controls were used, it is not known 
whether both sides increased incorporation equally or if 
neither side changed. Because of the way in which the data 
were standardized, they cannot be compared to any other data, 
and cannot count as a replication of previous results.
In an attempt to prevent communication between tne 
forebrain hemispheres, the supra-optic commissures of 1-4 h 
old chicks were cut under anaesthetic. Chicks, aged between 
19 and 28 h, had a patch placed over one eye, and were 
exposed to the stimulus for a total of 60 min in a running 
wheel so they could continually attempt to approach without 
changing their distance from the stimulus. The exposure 
consisted of 15 min periods of alternate exposure and 
darkness over a 120 min period. The chicks were tested in an 
apparatus consisting of a specially geared wheel which moved 
in the opposite direction to that in which the chick attempted 
to move, as the chick was presented with the familiar and 
an unfamiliar stimulus. The total movement in each direction 
was recorded. After the eye patches were transferred to the
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other eye, the chicks were held in the dark for 13 min and 
then retested with the untrained eye. Chicks were killed and 
midbrain and forebrain roof and base were dissected out, and 
left and right sides analysed separately. Although 36 chicks 
were trained in this way,only 12 were selected for biochemical 
analysis on the basis of their preference for the familiar 
with the untrained eye. It is not surprising then, that the 
data for the behavioural test in these 12 chicks shows great 
differences between responses using the untrained and trained 
eyes. The biochemical data showed considerable variability 
and needed to be standardized for the effects to be apparent. 
The dpm/mg protein for each region was expressed as a 
percentage of the mean of all six regions from the same 
chick. After standardization there were no significant 
differences in total pool radioactivities between left and 
right regions, nor any differences in acid-insoluble 
incorporation between left and right sides of forebrain base 
or midbrain. There was a significant 15% increase in uracil 
incorporation in the stimulated side of the forebrain roof 
compared to the unstimulated side, when the results of chicks 
trained with the left and right eye were averaged. However 
this effect was only apparent in the chicks trained with the 
left eye (27% increase). The 5% increase in the forebrain 
roof of chicks trained with the right eye was not significant 
and was accompanied by a 5% increase in total pool 
radioactivity in this region. The authors explained this by 
proposing that there was an inherent asymmetry. The fact that 
there was no significant difference between left and right
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forebrain roofs when data for exposed and dark control chicks 
was pooled, is explained by suggesting that the training 
effects mask the natural differences. However, there are no 
differences between the two sides in the first experiment with 
intact chicks. Hence, if the proposed asymmetry exists, it is 
a product of the operation, and perhaps interacting with 
training.
The results then are twofold. Firstly there is a 
replication of the original finding, albeit in one side of the 
brain only. Secondly, within this side of the brain, the 
possibility that the enhanced RNA turnover is due to 
hormonal influences or global changes in the blood supply, can 
be eliminated. This does not eliminate the possibility that the 
difference results from the direct influence of visual 
stimulation on the brain hemisphere, or the possibility of 
localized changes in blood flow of the type described by 
BONDY, LEHMAN and PURDY(1973).
These problems were analysed quite elegantly by 
BATESON, ROSE and HORN(1973), who attempted to separate the 
effects of visual stimulation from the long term effects of 
imprinting. Chicks were all exposed to diffuse light for 
60 min before training as this is known to enhance a chick's 
response to the stimulus. Chicks at 24-27 h of age were then 
exposed to the flashing light for periods of 20, 60, 120 or 
240 min, given in sessions of 20 min each. Chicks were tested 
in the geared wheel apparatus already described, but the 
length of the test is not reported. On the following day, all 
groups were injected with 3H-uracil and exposed for 60 min.
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Hence although each chick received exactly the same amount of 
visual stimulation during the incorporation period, it was 
argued that the group which was trained for 240 min on the 
first day would have less to learn about the imprinting 
object than those pre-trained for shorter periods. The brain 
regions and livers of one chick from each group were processed 
together and the data was standardized by expressing each 
specific activity as a percentage of the mean specific activity 
of this set of samples. They found a significant negative 
correlation between uracil incorporation in the anterior 
forebrain roof and length of training on the first day. There 
was however, considerable variability even in the standardized 
data and only the groups trained for 60 and 240 min on the 
first day were significantly different. There were no 
significant differences in other brain regions, but once again 
the same trend was evident in forebrain base and midbrain, 
although not in posterior forebrain roof or liver. A group of 
control chicks, which were exposed for varying times on the 
first day but held in the dark on the second day, showed no 
significant differences in uracil incorporation.Hence, 
although the biochemical data could be clearer, the effects 
appear to be related to a long-term effect of the experience 
on the first day. This does not mean, of course, that the 
biochemistry can be said to correlate with further learning 
about the stimulus on the second day. It is quite possible that 
the long-term effect is to change the way in which the
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chick attends to the stimulus on the second day, or to change 
any other process which is intimately associated with the 
behaviour of learning, and that these processes are correlated 
with the biochemical changes. Nevertheless, any processes which 
are region specific and are so closely tied to learning and 
are the long-term result of experience are of great interest. 
Once again this data cannot be considered as a replication of 
the experiment which showed stimulation of RNA synthesis in 
relation to dark controls, as there were no significant 
differences in the data presented between the anterior 
forebrain roofs of experimental and control chicks, even in 
those chicks which received only 20 min exposure on the first 
day.
A further attempt to refine the behavioural 
specificity of these correlations was made by BATESON, HORN 
and ROSE(1975), this time by trying to correlate a direct 
measurement of imprinting with the biochemical changes. They 
trained all chicks similarly and exploited the natural 
variations in behavioural response to make their correlations. 
Chicks were injected with 14C-uracil, exposed to either a 
yellow or red flashing light for 80 min (during which the 
stimulus was turned off for 1 min in each 10 min period) and 
then tested and killed. Behavioural measurements included 
approach latency, amount of approach in the 20 min period 
after the first movement, and total approach during the 
training, and also latency, vocalization, total movement and 
preference for the familiar during the test. Both the 
behavioural and biochemical data were standardized in complex
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ways. Behavioural data was expressed as a ratio of the mean 
data of all chicks in the same batch and then given as a 
percentage of the mean data of all the chicks which were 
similarly trained, ie. with the yellow or red stimulus. For 
the initial correlations the biochemical data was treated in 
the same way, as well as correcting for body weight.Training 
approach latency was positively and significantly correlated 
with uracil incorporation in the midbrain, forebrain base 
and anterior forebrain roof. Movement in the 20 min after 
first approach was significantly negatively correlated with 
incorporation in the midbrain. Preference for the familiar 
was significantly and positively correlated with incorporation 
only in the anterior forebrain roof. This however was only 
significant if a one-tailed test was used.
The biochemical data for forebrain roof was then 
standardized in a different way and correlations carried out 
again. Data for forebrain was divided by the mean value for 
midbrain and forebrain base from the same chick and then 
expressed as a percentage of the mean of this ratio for 
similarly treated chicks. Therefore this form of the data 
reflects changes in midbrain and forebrain base as much as in 
forebrain roof. The data had already shown that there is a 
large negative correlation between preference for the familiar 
and incorporation in both midbrain and forebrain base, in 
fact the negative correlation in base was greater than the 
positive correlation in anterior roof but in this case it 
was given as not significant. Hence it is not surprising that 
a higher correlation (p<0.001) was achieved for anterior
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forebrain by this method of standardization. The previous 
correlations between incorporation and training approach 
latency disappeared using this standardization.
The authors claim that behavioural specificity is 
demonstrated by the high correlation between uracil 
incorporation in the anterior forebrain roof and preference 
for the familiar, which they say is the only real measure of 
imprinting, and by the lack of correlation with any behavioural 
measure during training. This is not true for the data as 
initially presented, as there was a very strong correlation 
with approach latency during training. The claims are only 
true for the ratio of incorporation between anterior 
forebrain roof and midbrain + forebrain base. They interpret 
the correlation between latency and incorporation as an 
activity effect, ie. those birds that became active more 
quickly ( low latency) had less label available to the brain 
and therefore lower incorporation. But as incorporation is 
said to be linear over this period, a much stronger 
correlation would exist between incorporation and total 
approach. Although this was listed as a measurement taken, 
no data was presented to resolve this issue.
It is concluded that there was a general effect 
of stimulation which tended to decrease uracil incorporation 
and an effect specific to the anterior forebrain roof which 
tended to increase uracil incorporation. Since only 
correlations and not absolute differences were reported, the 
considerable manipulation of the data makes it unclear how 
pronounced this effect is.
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Nevertheless, this and the previous experiment do 
establish a degree of behavioural specificity which is not 
evident in most correlative studies, and provide a reasonable 
basis for further investigations of these biochemical 
correlates.
This group then attempted to broaden the 
biochemical basis of their correlations. HAYWOOD, HAMBLEY,ROSE, 
and BATESON ( 1974) looked at the incorporation of ^-lysine over 
a 20 min period, immediately following exposure to an 
imprinting stimulus for 30, 60 or 120 min. No light controls 
were used, but a group of naive chicks were left in the 
incubator during incorporation, and not moved to holding 
boxes like the dark controls. Comparison with these naive 
chicks showed that complex changes occur in acid-insoluble 
radioactivity (closely related to lysine pool radioactivity), 
usually involving an initial increase in radioactivity 
followed at 60 min by a decrease. Incorporation into acid- 
insoluble material also decreased between 30 and 60 min at 
exposure except in the anterior forebrain roof. There was 29% 
more acid-insoluble incorporation (p<0.03) after 60 min in 
the anterior forebrain roofs of exposed chicks than in those 
of dark controls. In this same region there was also a 18% 
increase (p<0.03) in pool radioactivity after the same amount 
of exposure. This was a 9% increase in the relative specific 
activity (RSA) of acid-insoluble lysine in anterior forebrain 
roof after 60 min exposure to the imprinting stimulus. This 
experiment is of considerable importance because the increased 
incorporation of lysine while chicks were held in the dark
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after imprinting, indicates that this is an ongoing rather than 
just an immediate effect of visual stimulation.
The problem of not being able to estimate the 
specific activities of precursor pools is avoided by performing 
assays for specific proteins, in vitro, although these also 
have some problems as outlined in the General Introduction. 
HAYWOOD, HAMBLEY and ROSE(1975) examined the changes in two 
enzymes involved in acetylcholine metabolism, acetylcholin­
esterase (AChE) and choline acetyltransferase (ChAc).Some of 
the data had previously been published by HAYWOOD, HAMBLEY and 
ROSE(1973). 18 h old chicks were exposed to the imprinting 
stimulus for 60 min and killed immediately, or after being 
held in the dark for 1, 6, 12 or 24 h. The data was 
standardized with respect to the mean values of each hatch.
ChAc activity was significantly higher (10%) in the midbrain 
of exposed chicks than in the same region of dark controls 
immediately after exposure. It was suggested that this may be 
due to the depletion of acetylcholine in the optic tectum 
as a direct result of visual stimulation. Only the forebrain 
roof showed a significant increase in the specific activity 
of AChE (11%) 1 h after exposure. The elevation in forebrain 
roof after 6 h was as high but not significant. Both 
forebrain base and midbrain of exposed chicks showed 
significant elevation of AChE specific activity 6 h after 
exposure (13% and 8% respectively). After 12 h there was a 
significant drop in AChE specific activity in the midbrain 
of exposed chicks compared to dark controls. There were no 
changes after 24 h.
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This experiment establishes a change in the 
metabolism of a particular protein in response to imprinting, 
although whether this is related to the change in rate of 
lysine incorporation is not known. As in the case of uracil 
incorporation there was an elevation of specific activity 
of AChE in all three brain regions, but this was preceded by 
a localized elevation in the forebrain roof. In this case the 
evidence for regional specificity is better, as the data for 
the midbrain and forebrain base showed a trend in the opposite 
direction to that in the forebrain roof, and all the effects 
were apparent without the need to standardize data.
HAMBLEY and ROSE(1977) measured changes in cAMP 
again, but by killing the chick with microwave irradiation 
instead of freezing, and also measured changes in adenylate 
cyclase. This was previously reported by HAMBLEY and ROSE(1973). 
Experimental chicks and light controls were exposed for 15,
30 or 60 min. Both dark controls and completely naive chicks 
taken straight from the incubator were also included. As 
might be expected with such a labile metabolite as cAMP, there 
were large changes relative to naive chicks in all brain 
regions. In the brain forebrain roof, after 15 min exposure, 
the dark controls contained 75% more cAMP per mg protein than 
the experimental group. However after 30 or 60 min exposure 
the experimental group showed significantly higher cAMP 
levels (29-40%) than both light and dark controls. cAMP in the 
forebrain base of all groups was elevated relative to naive 
chicks after 15 min. cAMP in light controls was significantly 
higher than in experimentals and dark controls after 30 or 60 min
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exposure. The midbrain of both experimental and light control 
chicks showed higher cAMP levels than dark controls after 15 
min, but there were no differences after 30 or 60 min 
exposure. Because the changes in forebrain base and midbrain 
decreased with increased exposure, the authors suggested that 
these are non-specific effects. Conversely, cAMP in the 
forebrain roof of experimental chicks only showed an initial 
drop and then increased with exposure and therefore may be 
related to the imprinting exposure. This is not necessarily 
what would be expected, since the elevation of RNA synthesis 
is optimal at 60 min and therefore the optimal exposure for 
cAMP changes would be shorter if it triggered RNA synthesis,
The authors suggest a more long-term role for cAMP changes, 
such as involvement in altering the uptake of amino acids for 
protein synthesis. The changes in adenylate cyclase seem to 
support this data. There was a significant 21% decrease in 
specific activity in midbrain of experimentals relative to 
dark controls after 30 min exposure, and a significant 31% 
increase in forebrain roof after 60 min exposure. Unfortunately 
no light controls were used in this experiment.
HAMBLEY, HAYWOOD, ROSE and BATESON(1977) 
republished the data for 14C-lysine incorporation which was 
presented in HAYWOOD, HAMBLEY, ROSE and BATESON(1974), and 
added some biochemical refinements. A crude localization of 
increased lysine incorporation was carried out by separating 
a particulate fraction at 100,000g x 60 min, from a soluble 
fraction. The total anterior forebrain roof homogenate of 
chicks exposed for 60 min had 22% (p<0.05) more incorporated
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lysine than dark controls, replicating the original finding.
The soluble fraction showed a 25% increase (p<0.05) and the 
particulate fraction showed a 19% increase which was not 
significant. Although the authors discuss the possible 
interpretations of a cytoplasmic concentration of incorporated 
lysine, the degree of apparent enrichment is small and 
probably does not justify any such conclusions.
The question of whether changes in precursor 
incorporation are due to changes in specific radioactivity of 
precursor pools had at best been approached by looking for 
any changes in total pool radioactivity. However such changes 
could be the result of either a change in specific radio­
activity or a change in pool size (that is total labelled and 
unlabelled precursor) without necessarily a change in 
specific radioactivity. The worst possibility from the point 
of view of misinterpreting incorporation data, is that total 
pool radioactivity remains constant while pool size decreases. 
This would mean that specific radioactivity of the precursor 
would be increased and therefore incorporation would be 
increased but any measurement of total radioactivity would not 
reveal this. It is possible then, though very tedious, to 
obtain an average final specific radioactivity of the 
precursor by measuring its absolute level. HAMBLEY, et al, 
(1977) exposed chicks to an imprinting stimulus for 60 min 
and 14C-lvsine was incorporated for a period of 20 min. The 
chicks were killed by microwave irradiation and the radio­
activity of sulphosalicylie acid (SSA)-soluble and SSA- 
insoluble components measured. The free lysine concentration 
of the SSA-soluble component was determined by column
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chromatography. The specific radioactivity of free lysine 
could therefore be calculated. There were no significant 
differences between exposed and dark birds in either free 
lysine per mg protein or specific radioactivity of free 
lysine. In the forebrain roof there was a trend towards 
higher free lysine levels in exposed chicks and therefore a 
lower specific activity. This is the opposite trend to that 
needed in order to explain increased incorporation as a 
product of increased precursor specific radioactivity. It is 
claimed that the incorporation of lysine into the SSA- 
insoluble fraction replicates the earlier result, but data 
is not given. As DUNN(1980) points out, the argument would 
be much more convincing if all the data was shown for the one 
experiment. It must be remembered that these estimations of 
the specific activity of free lysine are an average figure 
for all brain pools at one time and may not reflect the 
specific activity of the pool being drawn on for protein 
synthesis, and are only the final value of an inherently 
labile metabolite. Nothing is known still about the changes 
in specific radioactivity of lysine throughout the incorporation 
period. Nevertheless this is the most thorough attempt in 
the literature to examine this problem.
The trend toward elevation of free lysine levels 
in the forebrain roof of exposed chicks suggests that increased 
precursor availability may be a general response to visual 
stimulation. HAMBLEY, et al,(1977) exposed chicks for 60 min 
and injected 14C-2-aminoisobutyrate (AIB) and killed them 
after 20 min. This amino acid is transported in the same way 
as other amino acids but it is not incorporated into protein.
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1 4The specific activity of C-AIB (dpm/mg protein) was 
significantly higher in the forebrain roof and midbrain of 
exposed chicks than in those of dark controls. Since this 
cannot be the result of any metabolic demand, the authors 
conclude that there is a general increase in precursor 
availability, presumably through either increased blood flow 
or increased transport into the brain.
This paper reports a replication of the increased 
lysine incorporation into protein in forebrain roof of chicks 
exposed to an imprinting stimulus, reported by BATESON, et al, 
(1969) and HAYWOOD, et al,(1974). Also some degree of 
biochemical specificity of this effect is established by the 
demonstration that the observed changes in incorporation are 
probably not simply a result of changes in the specific 
activity of free lysine.
An attempt to further localize these effects has 
been reported by BATESON, HORN and McCABE(1978) and more 
thoroughly in HORN, McCABE and BATESON(1979). The incorporation 
of 14C-uracil was studied by autoradiography in brains of 
chicks exposed to a slightly modified form of the flashing 
light. As in the experiments on behavioural specificity 
(BATESON, et al,1973), chicks were either undertrained (45 min 
exposure) or overtrained (240 min exposure) on the first day
1 4post-hatch, and were injected with C-uracil before a further 
63 min exposure on the following day. After 150 min 
incorporation, the chicks were killed and their brains 
processed for autoradiography. Incorporation was higher in 
undertrained chicks relative to overtrained chicks in a region
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of the forebrain which the authors describe as the medial 
part of the hyperstriatum ventrale. Once again this result 
was only evident after very elaborate pairing of chicks and 
standardization of optical densities.
All these results have also been presented, along 
with theoretical discussions, in a number of review papers 
including ROSE(1969), HORN, ROSE and BATESON(1973b), ROSE, 
HAMBLEY and HAYWOOD(1976), ROSE and HAYWOOD(1977), ROSE and 
LONGSTAFF(1979) and HORN(1979).
While it is clear that a complete case for a 
meaningful correlate of learning has not as yet been presented, 
the work of Rose's group is very interesting because it goes 
some way towards demonstrating behavioural and biochemical 
specificity.
A degree of behavioural specificity has been 
demonstrated quite clearly for some behavioural correlates 
of exposure in the forebrain roof. Increases in incorporation 
of 3H-uracil into RNA in earlier experiments were significant 
in experimental chicks compared to light controls. This 
suggests that the behavioural correlate is related to an 
aspect of the imprinting stimulus itself and not general 
visual stimulation, although the authors admit that the 
stimulus provides greater visual stimulation than diffuse 
light. The experiments on chicks with lesioned supra-optic 
commissures, the 2 day experiment with undertrained and 
overtrained chicks and the correlations with natural variation 
in response to imprinting together suggest that uracil 
incorporation is a correlate of an aspect of long-term change
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in chick brain following exposure to the stimulus. It must 
be remembered that it does not follow from this that the 
other biochemical changes are similarly correlated with 
behaviourally specific processes.
The question of biochemical specificity exists 
at two levels at this stage. Firstly whether changes, such 
as increases in protein turnover really occur or whether 
apparent changes are related to a more general effect, such 
as increased blood flow. Secondly, if these changes do take 
place, do they represent the increased production of 
specific proteins or are they a general increase in protein 
metabolism? The first level of this problem has been 
addressed reasonably well by HAMBLEY, et al,(1977) for the 
case of lysine incorporation by measuring final average 
specific activity of the free lysine pool. The interpretation 
of incorporation changes as increased macromolecular 
synthesis is supported by changes in related species such as 
RNA polymerase, but changes in cAMP do not necessarily 
support any further level of specificity, and may indeed 
suggest more general changes in macromolecular synthesis. In 
practice these two levels of the problem can be answered in 
the same way, because evidence for changes in specific 
biochemical species, tend to support the interpretation of 
the original finding, eg. in the case of macromolecular 
synthesis, a change in a specific group of proteins or RNA 
would help to rule out interpretations based on changes in 
precursor radioactivity.
The demonstration of such biochemical specificity
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can be approached in a number of ways. These include 
examining regional specificity, subcellular specificity and 
changes in particular biochemical entities. The regionality 
of the behavioural correlates has been demonstrated at a 
gross level, ie. changes are often localized, or at least 
are greatest, in the forebrain roof or anterior forebrain 
roof. Further localization has been attempted by autoradio­
graphic methods, but this still awaits a more detailed study, 
which should include some necessary controls not used by 
HORN, et al,(1979).
The subcellular localization of correlative 
changes has only been studied in a crude fashion in the case 
of 14C-lysine incorporation. Fractionations.need to be 
carried out at various times after exposure and, where 
appropriate, after injection of label, in order to determine 
the subcellular destination of newly synthesized species.
The changes in the amount of specific proteins 
has been investigated in the cases of AChE, ChAc and 
adenylate cyclase. Changes in AChE and adenylate cyclase in 
forebrain roof both appear to correlate with exposure to 
the imprinting stimulus in comparison to dark controls.
2. PLAN OF PRESENT STUDY
In view of the current state of this research, it 
was felt that the most appropriate continuation was to examine 
more closely the biochemical specificity of the correlations. 
In order to do this, all behavioural manipulations were kept 
to a minimum. It was intended to find the largest possible
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biochemical changes in a given behavioural situation, and 
then to examine the specificity of these changes biochemically. 
The possible correlation between exposure to an imprinting 
stimulus and changes in protein synthesis in the forebrain 
roof was chosen to be studied. This was because the largest 
reported changes occurred in lysine incorporation in this 
region, and the possible importance of the effect could be 
supported by examining specific proteins, and because it is 
possible to look specifically at changes in protein 
glycosylation. The turnover of glycoproteins is of interest 
because glycoproteins are known to be involved in cell-cell 
interactions (BARONDES and ROSEN,1976) and have been reported 
to change in a number of other learning situations (eg. 
DAMSTRA-ENTINCH, ENTINGH, WILSON and GLASSMAN,1974;
ROUTTENBERG, GEORGE and DAVIS,1974 ; MILEUSNIC, SUKUMAR and 
ROSE,1979). Also HAMBLEY (pers. comm.) reports that 
incorporation of labelled fucose shows an even greater 
stimulation than lysine in forebrain roof of chick after 
exposure to an imprinting stimulus.
The levels of four cholinergic markers were 
examined at various times after exposure. These were chosen 
because cholinergic markers, in particular AChE, show highly 
organised stratification in retina (SHEN, GREENFIELD and 
BOELL,1956) and optic lobe (CONTESTABILE, 1976). It is clear 
that the cholinergic system plays some important role at least 
at this level of the visual projections. The activity of AChE 
(HAYWOOD, et al,1975) and the number of muscarinic receptors 
(ROSE, pers. comm.) have been found to change in forebrain
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roof as a result of exposure to an imprinting stimulus. These 
markers and ChAc activity and the numbers of nicotinic 
receptors were examined.
Subcellular fractionations were carried out on 
forebrain roof of chicks either exposed to the stimulus or 
held in the dark, to determine the distribution of 14C-lysine 
incorporation, 14C-fucöse incorporation and ONB binding.
Although it was intended to minimize behavioural 
manipulations, some important changes were made during 
attempts to produce the greatest possible biochemical changes. 
The first of these variations was the imprinting apparatus 
itself. The two types of apparatus are described in General 
Methods, and the main differences are the initial distance 
of the chick from the stimulus and the opportunity for the 
chick to approach the stimulus. The early imprinting was 
performed in apparatus I which restricted the chick to a 
11cm x 11cm cage, placed 50cm from the stimulus. The chicks 
were initially placed 240cm from the stimulus in apparatus 
II and were able to approach to within 40cm of the stimulus 
during exposure.
While chicks in earlier experiments were held in 
the dark until treatment, in later experiments chicks were 
exposed to overhead white light for 90 or 120 min, before 
treatment. This is referred to as priming, and has been shown 
to increase a chicks response to the imprinting stimulus 
(BATESON and SEABURNE-MAY,1973), as well as lending some 
behavioural specificity to the procedure, ie. if chicks have 
been primed then any biochemical response to exposure to the
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imprinting stimulus is less likely to be an immediate 
consequence of the chick's first exposure to light. Sometimes 
only chicks from the experimental group were primed, and 
sometimes both experimental and dark groups were primed. Any 
other variations in the procedures are discussed in detail in 
the following section.
A number of behavioural parameters have been 
adopted from the later studies of the Rose group. In 
particular, chicks were aged between 20 and 26 h and any 
late hatching chicks were rejected. The exposure to the 
imprinting stimulus lasted 60 min and the flashing light was 
turned off for 1 min in every 10 min. It was found by Rose's 
group here, that this increased the chick's attention to the 
stimulus.
1. GENERAL
Methods
As has been described in General Methods and the 
preceding introduction, chicks were hatched in dark incubators 
and transferred to dark holding boxes until of an age of 20- 
26 h. If necessary, chicks were primed as described, and then 
placed in the appropriate apparatus for treatment. Chicks 
were exposed to the stimulus for 60 min (6 cycles of 9 min 
on/1 min off), injected with isotope when appropriate, and 
returned to the dark holding boxes, if they were not to be 
killed immediately. Dark controls in earlier experiments were 
placed in black boxes identical to the exposure boxes in 
apparatus I. In later experiments they were returned to the
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dark holding boxes, while chicks of the experimental group 
were being exposed.
All killing, dissection and biochemistry was 
carried out in the manner described in General Methods.
Biochemical results are presented as the means of 
unstandardized data from each experiment. Where possible 
experiments have been grouped, and the means of the 
unmanipulated data have been calculated. In order to compare 
these results with those of Rose's group, which were usually 
standardized and averaged over a number of experiments, a 
simple standardization for batch variability was carried out. 
The biochemical value for a particular sample was divided 
by the mean value of that biochemical measure for both 
experimental and dark groups from the same hatch. The 
standardized data from a number of experiments were then 
pooled.
2. BEHAVIOUR
Behavioural tests of the chicks' responses to 
exposure to the imprinting stimulus were made.
Approach testing consisted of a 3 min trial, 
initiated by the chicks being placed at the start of the 
runway, ie. the end furthest from the stimulus. The test was 
restricted to 3 min because after this period, naive chicks 
will begin to imprint on the stimulus and approach regardless 
of previous experience.
The time taken to reach 3 positions in the runway 
were recorded. The positions were 23, 100 and 200cm from the
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start of the runway, or 217, 140 and 40cm from the stimulus, 
as shown in FIG 2.3. These correspond to an initial positive 
movement toward" the stimulus (initial latency), reaching the 
half-way mark in the runway (lm latency) and full approach to 
the stimulus (2m latency). A maximum of 180 sec could be 
scored for each latency.
A somewhat arbitrary ordinal score was given 
to each chick on the basis of how far it had approached at the 
end of the 3 min test. The score was 0 if the chicks had not 
passed the initial 23cm line, 1 if this line was crossed,
3 if the halfway mark was reached, and 6 was awarded for a 
füll approach.
Both these systems of measuring approach were 
used with confidence as chicks almost always moved only 
toward the stimulus and did not recross any lines. The rare 
cases of a line being recrossed occurred only at the initial 
23cm line, where chicks were not approaching, but just 
wandered past this line and then back again. Generally 
subjects remained fairly motionless, until they began a 
positive approach to the stimulus. Unless distracted by 
a sound or speck of dirt (at which they will always peck), 
chicks watched the stimulus continuously as they walked 
or ran toward it. This description equally applies to the 
approach of naive chicks during first exposure.
3. LYSINE INCORPORATION
14C-lysine was injected either 20 min before the 
end of exposure, or immediately after exposure, when the
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chicks were returned to the dark holding boxes. In either 
case, chicks were killed 20 min after injection.
Five experiments were performed using apparatus I. 
In föur of these, lysine was injected after exposure. In the 
first experiment, biochemistry was performed separately on 
each side of the brain. The third of these experiments used 
a double labelling technique with both 14C and 3H-lysine, 
and forebrain roofs were paired for biochemical analysis. The 
forebrain roof of an exposed chick labelled with one isotope 
was homogenised and processed with the forebrain roof of a 
dark control labelled with the other isotope. One half of 
each group was labelled with 14C-lysine and the other with 
3H-lysine. The relative incorporation, ie. the ratio of 3H 
to 14C, should reveal any differences in rate of 
incorporation. In the fourth experiment, the chicks to be 
exposed were primed for 90 min and killed 10 min after lysine 
injection. Chicks were injected with lysine, 20 min before 
the end of exposure.
Three experiments were carried out in apparatus 
II. In the first chicks were injected at the end of exposure 
and killed 20 min later. In the second experiment chicks in 
the experimental group were primed for 120 min and lysine was 
injected during exposure. The last experiment contained 
both primed and unprimed controls, a normal experimental 
group with lysine injected after 60 min exposure, and a group 
exposed to the stimulus for only 3 min, before injection 
of lysine.
These different conditions are indicated with the
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biochemical results in the results section.
Two fractionations to the synaptosomal level 
were performed on experimental and control groups, which were 
injected with lysine after exposure and killed 20 min later. 
The subcellular distribution of TCA-insoluble 14C-lysine 24 
h after injection in dark controls was determined in one 
experiment.
4. FUCOSE INCORPORATION
14C or * 3H-fucose was injected into chicks either 
at the beginning of exposure, or before the chicks were 
returned to the dark holding boxes immediately after exposure. 
Chicks were killed 60 min after injection.
Three experiments were performed using apparatus 
I. All chicks in the experimental group were primed for 90 
min. The first experiment contained an unprimed dark control
3group, and two experimental groups injected with H-fucose 
either before or after exposure. In the second experiment, a 
primed dark control was added, and 14C-fucose was used. The 
third experiment used primed dark controls and samples were 
fractionated into nuclear, crude mitochondrial, microsomal 
and soluble constituents.
In two experiments, carried out in apparatus II,
3H-fucose was measured, incorporated during exposure in 
one case and after exposure in the other. Dark controls were 
primed in both cases.
An additional experiment using apparatus II 
examined differences in 3H-fucose incorporation during
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exposure in the optic lobes of primed experimental and primed 
dark control groups.
5. ACETYLCHOLINESTERASE ACTIVITY
There were five determinations of change in AChE 
activity after exposure in apparatus I. The first two :i „ 
experiments measured AChE activity immediately after, and 
24 h after treatment in unprimed experimental and control 
groups. In the other three experiments AChE activity in 
primed and unprimed dark controls and primed experimental 
groups was measured immediately after, or 1 h after treatment.' 
In one of these experiments, AChE activity was examined 
immediately after exposure in an area of the forebrain which 
contains the visual Wulst. This area was dissected from the 
forebrain by making a parasagittal cut slightly to one side 
of the midline, and then another cut from the side at about 
30° to the first, to remove an orange-segment shaped wedge. 
This is approximately the regional extent of single cell 
response to visual stimulation in the forebrain determined 
by WILSON(2980), and includes the area where BATESON, McCABE 
and HORN(1979) report greatest uracil incorporation after 
exposure to an imprinting stimulus. In an additional 
experiment, exposed chicks were placed 150cm from the 
stimulus, but not allowed to approach.
Four experiments measured AChE activity in the 
forebrain roof of chicks exposed in apparatus II. Results for 
primed and unprimed dark controls and primed exposed chicks 
killed 0, 1 and 3 h after exposure are reported.
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In one experiment the level of AChE activity in 
optic lobes 1 h after exposure was examined.
6• quinuclidinyl BENZILATE BINDING
QNB binding was measured in a total of 12 
experiments, all carried out in apparatus I. Six experiments 
examined QNB binding in forebrain roof, two immediately after 
exposure, one 20 min after exposure, two 1 h after exposure 
and one 24 h after exposure. In one of the experiments where 
chicks were killed 1 h after exposure, the chicks had one 
eye covered and were exposed with the other eye only. The 
biochemistry was performed separately on each half of the 
forebrain roof. Three experiments measured binding in the 
whole forebrain immediately after exposure and 1 and 6 h after 
exposure.
Another experiment measured binding in the 
forebrain visual area described in the previous section. Two 
experiments measured QNB binding in optic lobe 1 h after 
exposure and one of these used monocular exposure.
Again all these conditions are clearly listed 
with the results.
Two subcellular fractionations were carried out 
on the forebrain roofs of chicks killed either immediately 
after, or 20 min after exposure.
7. g-BUNGAROTOXIN BINDING
Four experiments were performed, all in apparatus 
II. In each case primed chicks were killed 1 h after exposure.
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FIG 4.1 Results of testing approach to the inprinting stimulus
following exposure in apparatus I or apparatus II. Ten chicks 
were used in each group. Approach latencies (±SEM) are shown 
on the left and approach score (defined in text) is shown on 
the right. The split-plot design analysis of variance (SPF-22 
KIRK, 1969) tables belcw shew that there is significant 
difference in latencies between dark and exposed groups and 
that this effect interacts with the type of apparatus. The 
effect is significant in apparatus II but not in apparatus I.
Source SS df MS F
Be t w e e n  subjects 303925.0 39
A  (Apparatus) 19737.7 1 19737.7 3.97
C (Exp. or dark) 73457.7 1 73457.7 14.77 p <.01
AC 31655.3 1 31655.3 6.36 p  <. 05
Subjects w i t h i n  groups 179074.3 36 4974.3
W i t h i n  subjects 105772.0 80
B (distance of l a t . ) 45038.3 2 22519.2 34.72 p < . 0 1
AB 9194.2 2 4597.1 7.09 p < . 0 1  . •
B C 3857.7 2 1928.9 2.97
AB C 984.5 2 492.3 0.76
B X Sub. w i t h i n  groups 46697.4 72 648.6
Total 4 0 9 697.0 119
A C  Interactions SS F
SSA  at Cg (Exp.) = 50692.3 10.19 p < . 0 1
S S ^  at C 2 (Dark) = 700.4 0.14
S S q  at Ai (App.I) = 4335.0 0.87
S S q  at A 2 (App.II) = 100778.0 20.26 p < .01
E r r o r  term = MS subj . w. groups + 4974.3
C o m p a r i s o n  of Means (Tukey's ratio) q
E x p . v 1s Dark in App . II 6.36 p< .01
E x p . v 's Dark in App . II at 0 m e t e r s 7.26 p < . 0 1
(initial latency)
E x p . v 1s Dark in App . II at 1 m e t e r 5.03 p < . 0 1
Exp. v's Dark in App . II at 2 meters 4.72 p < . 0 1
E x p . v's Dark in App . I at 0 m e t e r s 1.69 NS
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Two experiments used unprimed dark controls and two used 
primed dark controls.
8. CHOLINE ACETYLTRANSFERASE
Only one experiment was carried out, using apparatus 
I, to determine ChAc activity 1 h after exposure. The 
experimental group was primed for 120 min, but dark controls 
were unprimed.
Results
1. BEHAVIOUR
The time taken to approach, and the score of 
distance approached to an imprinting stimulus by chicks 
exposed in either apparatus I or apparatus II are shown in 
FIG 4.1.' There were no statistically significant differences 
in the data from chicks exposed in apparatus I, although 
exposed chicks tended to approach sooner, and closer to the 
stimulus. Approach times of chicks exposed in apparatus II 
showed significant differences between the two groups at 
all 3 distances, (t=3.06, df=18, p<0.01). A Mann-Whitney 
U-test revealed a significant difference in approach score 
as well (U=8, df=18, pcO.OOl).
It appears that exposure in apparatus II results 
in a greater approach response to the imprinting stimulus, 
although since these two experiments were performed at 
different times on different batches of chicks, they are not 
strictly comparable.
2. LYSINE INCORPORATION
The effects of exposure to an imprinting stimulus 
on lysine incorporation in forebrain roof are shown in TABLE 
4.1. The particular conditions of the experiment as well as 
the number of chicks in each group are also indicated.
Results are expressed as total radioactivity per mg protein 
(TA), TCA-insoluble radioactivity per mg protein (SA) and 
relative specific activity (RSA), ie. the ratio of TCA- 
insoluble radioactivity to total radioactivity. There were 
only 3 statistically significant differences between 
experimental and control groups for all three biochemical 
measures in all the experiments.
In experiment one there were no significant 
differences in TA or SA, although the combination of a 
decrease in TA and an increase in SA, produced a 41% increase 
in RSA in the left forebrain roof which was significant in a 
one-tailed t-test (t=1.89, df=20, p<0.05). The right forebrain 
roof showed a 21% increase in RSA, but this was not 
significant. When these results were pooled to give an 
average value for each brain, a significant 33% increase 
resulted (t=2.09, df=20, p<0.05, two-tailed).
There were no other significant differences in 
RSA between experimental and control groups, but in experiment 
7, the experimental group showed a 38% decrease in TA (t=1.96, 
df=14, p<0.05) and a 24% decrease in SA (t=1.89, df=14, p<0.05) 
although these were only significant in a one-tailed test.
Although there were no significant differences in 
RSA between experimental and control groups in experiment 8,
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TABLE 4.1 Correlation of lysine incorporation during (b*) or after 
(b2) exposure to an imprinting stiinulus (ci) or darkness 
(C2) in one of two apparatuses. Results of t-tests on means 
are shown in the table. Results of analysis variance 
(type CRF-222 using unweighted means analysis for unequal 
n's) are shown below.
Source SS df MS F p
Apparatus .0528 1 .0528 10.33 1—1 0V
Time of incorp. .0243 1 .0243 4.75 <.05
Exposure .0010 1 .0010 0.20 NS
App x Time .2300 1 .2300 44.98 <.01
Time x Exp. .0300 1 .0300 5.87 <.05
App x Exp .0628 1 .0628 12.28 <.01
App x Time x Exp. .0957 1 .0957 18.72 <.01
Within Cell .8334 163 .0051
The results of Tukey's comparison among relevant pairs of means
• •
are
shown below.
App I q P
bi ci x bi C2 1.16 NS
b2 Cl X b2 C2 1.80 NS
bi ci x b2 ci 0.63 NS
bi c2 x b2 c2 0.00 NS
bi Cl X b2 C2 1.16 NS
bl C2 x b2 Cl 1.80 NS
App II
bi ci x bi X2 1.22 NS
b2 Cj x b2 C2 0.05 NS
b! Cj x b2 Cj 1.80 NS
bi q  x 2.96 .05
bj g  x g 1.74 NS
bi c£ x b2 Ci 3.01 .05
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the experimental group exposed for 3 min had a 25% greater 
RSA than the group exposed for 60 min (t=2.71, df=20, p<0.02, 
two-tailed).
It is clear that all three measures both increased 
and decreased in different experiments, and these changes do 
not seem to be strictly related to any of the experimental 
variables. When these results, and the values from fractionation 
studies, were pooled without standardization, there was a 
significant 16% increase in RSA of the exposed group 
incorporated after exposure compared to dark controls (t=2.19, 
df=106, p<0.09. If results from all experiments were pooled 
then a 13% increase was found (t=2.24, df= 143, p< 0.025).
TABLE 4.2 shows the result of standardizing the 
data as described in the methods section, before the data 
was pooled.
There were no significant changes in standardized 
TA, and only the data pooled from groups incorporated after 
exposure indicated a significant increase in standardized 
SA (20%, t=1.82, df=76, p< 0.05) . A trend in the same direction 
is seen in the results pooled from all experiments, with 15% 
increase which was not auite significant (t=1.65, df=113). 
Pooled RSA values for groups incorporated either after or 
during exposure, and for all experiments, showed an 11% 
increase in the exposed group in each case. This was 
significant in groups incorporated after exposure (t=1.98, 
df=119, p<0.05) and in pooled data from all experiments 
(t= 2.36 , df=156 , p<0.02).
The results of two fractionations of 20 min 
lysine incorporation after exposure are combined in FIG 4.2(a).
TABLE 4.2 Pooled standardized results
of lysine incorporation.
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FIG 4.2 Subcellular distribution in the forebrain
l 4roof, of C-lysine 20 min and 24 h after the 
end of a 1 h exposure to the imprinting 
stimulus. Ordinate axes of a) and c) are the 
specific activity of the fraction as a ratio to 
the total homogenate and abcissca show the 
cumulative protein recovery from the total 
homogenate, b) shows the ratio of specific 
activities (relative to total homogenate) of 
the exposed and dark groups for each fraction, 
a) represents data from two fractionations on 
a total of 20 forebrain roofs pooled into 10 
groups. RSA of total homogenate of exposed 
groups was 13% higher than that of dark groups. 
Data in c) is from 4 chicks.
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In one fractionation 8 chick forebrains were pooled into 
four groups, and in the other experiment 12 forebrains were 
pooled into six groups. The combined standardized values for 
homogenates revealed a significant increase in TA (22%, 
t=2.32, df=8, p<0.05, two-tailed) and in SA (38%, t=2.62, 
df=8, p<0.05, two-tailed), in the experimental group 
compared to controls. This resulted in a 13% increase in RSA 
which was not significant. It is most important to have a 
significant increase in SA as this is the only measure that 
can be made on these fractions. As in the preceding chapter, 
the results are graphed to indicate SA relative to the SA of 
the homogenate on the ordinate axis, and protein content as 
a percentage of the protein content of the total homogenate 
on the abcissca. It can be seen that the exposed chicks had 
greater incorporation in the microsomes, myelin and 
synaptosome-enriched fractions. This is shown more clearly 
in FIG 4.2(b), where the ordinate axis represents the SA of 
the exposed group relative to the SA of its total homogenate, 
as a percentage of the SA of the control group relative to 
the SA of the control homogenate. The greatest stimulation 
occurred in the synaptosomal fraction, although this 
difference was not significant (t=1.38, df=7).
FIG 4.2(c) indicates that after 24 h the label 
had spread fairly evenly throughout the cell. An incomplete 
fractionation was performed on exposed and dark controls 
incorporated with 14C-lysine for 24 h. Although data for 
SOL, MY and PMIT fractions is not available, the same pattern 
as found in the 20 min incorporation was apparent in the other
203
fractions. CMIT was equally labelled in each group, but NUC 
was less labelled in the exposed group and MIC and SYN were 
more labelled.
3. FUCOSE INCORPORATION
TABLE 4.3 shows the results of fucose 
incorporation during and after exposure. Although experiment 
1 showed large, significant increases in TA of the experimental 
group compared to controls (pcO.OOl in each case), the other 
experiments showed decreases in TA, but these were not 
significant. There were no significant differences in SA 
between experimental and control groups, but in the first two 
experiments the group incorporated during exposure showed 
greater SA than the group incorporated after exposure 
(experiment 1, 35%, t=7.65, df=14, p<0.02; experiment 2, 34%, 
t=2.24, df=13, p<0.05). The same trend was seen in other 
expriments.
This relationship was also apparent in the RSA data. 
The group incorporated during exposure had 52% greater RSA in 
experiment 1 (t=3.27, df=14, p<0.01) and 34% greater RSA in 
experiment 2 (t=3.95, df=13, p<0.005), than the group 
incorporated after exposure. The group incorporated during 
exposure also had significantly greater RSA than primed dark 
controls. The increase was 25% in both experiment 2 (t=2.89, 
df=13, p<0.02) and experiment 3 (t=2.67, df=10, p<0.025). The 
RSA of the groups incorporated after exposure was always 
lower than that of primed dark controls, and significantly 
lower than that of unprimed dark controls (experiment 1, 40%
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TABLE 4.3 Correlation of fucose incorporation during or
immediately after exposure to an imprinting stimulus in 
forebrain roof of chick. The TA and SA are counts per min 
per mg protein. RSA is the ratio of these. Statistics in 
table are t-tests. Analysis of variance (type CRF-23 losing 
unweighted means analysis for unequal n's) of RSA's 
resulting from 3 exposure conditions and two apparatuses 
confirm these effects.
Source SS
Apparatus .2475 
App @ Dark .0014 
App @ During .0225 
App @ After .0028 
Exposure Condition .2861 
Cond @ App I .0035 
Cond @ App II .0785 
Interaction .6219
.3513
df MS F P
1 .2475 58.93 c'.oi
1 .0014 0.33 NS
1 .0225 5.38 <.05
1 .0028 0.67 NS
2 . 1431 34.07 <.0]
2 .0018 0.43 N£
2 .0393 9.36 <.0]
2 .3110 74.05 <.0]
83Within Cell .0042
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lower, t=4.36, df=14, p<0.001; experiment 2, 10% lower, t=2.15, 
df=13, p<0.05). Unprimed controls seemed to show a higher RSA 
than primed controls, although there is only one direct 
comparison in experiment 2, and this was not significant.
There were no significant differences in fucose 
incorporation in optic lobe in chicks incorporated during 
exposure compared to primed dark controls, bht the trend 
was toward a decrease in incorporation in the exposed group.
When data from the forebrain roof were pooled 
without standardization, no difference was found between the 
RSAs of primed and unprimed dark controls. When these groups 
were combined and compared to the exposed groups, the groups 
incorporated during exposure showed a significant 20% 
increase in RSA of fucose incorporation in forebrain roof 
(t=2.28, df=60, p< 0.05)and those incorporated after exposure 
showed a 17% decrease (t=2.88, df=66, p<0.001)Groups 
incorporated during exposure had 45% greater RSA than groups 
incorporated after exposure (t=4.06, df=46, p< 0.001).
When the data was standardized for hatch 
variability as previously described, the same effects were 
found, but with no greater significance than the unmanipulated 
data. The only difference was that the unprimed dark controls 
had a significantly higher mean standardized RSA than primed 
dark controls (17%, t=2.27, df=42, p<0.05).
The results clearly show that chicks which 
incorporated labelled fucose during exposure to an imprinting 
stimulus had greater fucose incorporation, while chicks which 
incorporated fucose after exposure showed a lower fucose
209
FIG 4.3 Subcellular distribution of TCA- 
insoluble 14C-fucose after 60 min 
incorporation either during or 
after exposure to the imprinting 
stimulus.
a) axes are as described in FIG4.2. Forebrain 
roofs of 9 chicks were pooled into 3 groups 
for each of the 3 treatments.
b) ordinate axis shows the percentage of TCA- 
insoluble counts recovered in each fraction.
c) ordinate axis shows the ratio of counts 
recovered (as a percentage of total counts in 
homogenate) of the exposed groups to the dark
group.
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TABUE 4.4 Correlation of AChE activity with time (B) after 
exposure to an imprinting stimulus or darkness (C) 
in one of two apparatuses (A) . Results of analysis of 
variance (type CRF-232 using unweighted means analysis 
for unequal n's) are shown below.
Source SS df MS F P
Apparatus 26263.2 1 26263.2 22.34 < .01
Time after exposure 47794.0 2 23897.0 20.33 < .01
Exposure 830.1 1 830.1 0.71 NS
App x Time 15876.7 2 7938.4 6.75 < .01
Time x Exp. 8768.9 2 4384.5 3.73 < .05
App x Expt 176.0 1 176.0 0.15 NS
App x Time x Exp. 1076.1 2 538.1 0.46 NS
Within Cell 206911.4 176 1175.6
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Experiment 3 contained the only statistically 
significant difference in AChE activity between the forebrain 
roofs of control chicks and chicks exposed in apparatus I.
*One hour after exposure the SA of AChE had increased by 40% 
(t=4.35, df=8, p<0.005) and TA had increased 65% (t=4.93, 
df=8, p<0.005) compared to the primed dark control group.
A trend in this direction was also seen in experiment 4.
There were no significant changes in AChE activity 0 or 24 
h after exposure.
The chicks exposed at 150cm from the stimulus 
which were not allowed to approach (experiment 6) showed no 
significant changes in AChE activity compared to dark controls.
In contrast to the results from apparatus I, the 
SA of AChE tended to decrease in forebrain roof following 
exposure of chicks in apparatus II. Experiment 9 showed 
that AChE activity had decreased in chicks 1 h after exposure 
compared to unprimed dark controls in terms of SA (15%, 
t=3.45, df=20, p<0.005) and TA (12%, t=1.96, df=20, p<0.05, 
one-tailed). Similarly in experiment 10, the SA of AChE 
decreased by 10% with respect to both unprimed controls 
(t=1.97, df=14, p<0.05, one-tailed) and primed controls 
(t=1.96, df=14, p<0.05, one-tailed). The decrease in TA was 
not significant. The same effect occurred 1 h after exposure 
in experiment 11 where the exposed group was 17% lower in SA 
(t=1.83, df=12, p<0.05, one-tailed) and 27% lower in TA 
(t=2.47, df=12, p<0.05). The group killed immediately after 
exposure showed a 19% drop in SA (t=2.67, df=12, p<0.05) 
and a 29% decrease in TA (t=3.56, df=12, p<0.005). However
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the dark control in this experiment is strictly only a control 
for the group killed 3 h after exposure, as the chicks in 
it were killed 4 h after priming, ie. 3 h after treatment. In 
comparison to this control group, the group killed 3 h after 
exposure showed an 11% decrease in the SA of AChE (t=2.04, 
df=ll, p<0.05, one-tailed) and a 10% decrease in TA which was 
not significant. Experiment 8 is the only case where a 
significant decrease in the SA of AChE was not observed when 
chicks were killed 1 h after exposure.
Chicks killed 1 h after exposure showed no 
difference in the SA or TA of AChE in optic lobe, compared 
to unprimed dark controls.
It appears that changes in AChE activity in the 
forebrain roof were dependent upon the exposure situation.
At 1 h after exposure, AChE activity was higher than controls 
in chicks exposed in apparatus I, while it was lower than 
control values in chicks exposed in apparatus II. Variability 
in the assay as well as hatch variability is too great to 
allow pooling of data without standardization. If the data 
is standardized as previously described, then the dependence 
of changes in AChE activity on the exposure apparatus is 
even clearer. One hour after exposure in apparatus I, dark 
controls had a standardized SA of 0.89 ± 0.04, and exposed 
chicks had a standardized SA of 1.11 ± 0.05. This is a 35%
increase (t=3.44, df=24, p<0.005) in the exposed group. No 
significant differences were found between control chicks 
and chicks killed 0 or 24 h after exposure. Groups exposed 
in apparatus II and killed immediately or 1 h later were
216
significantly lower than dark controls, but those killed 
3 h after exposure were not. The dark control groups had 
standardized SA of 1.07 ± 0.03, while the standardized SA 
of groups killed immediately was 0.94 ± 0.05 (12% decrease, 
t=2.86, df=63, p<0.01) and the standardized SA of those 
killed 1 h after exposure was 0.90 ± 0.04 (16% decrease, 
t=4.16, df=82, pcO.001).
5. QUINUCLIDINYL BENZILATE BINDING
TABLE 4.5 shows the QNB binding results for 
experiments which were all carried out in apparatus II.
Results are expressed as pmöl of QNB binding per mg protein 
(SA) and as pmol of ONB binding per brain region (TA). There 
were only two experiments where differences between the 
forebrain roofs of exposed and control groups were 
significant, and these only in a one-tailed test. There was 
a 28% increase in SA of ONB in the exposed group in experiment 
2 (t=2.05, df=8, p<0.05) where chicks were killed immediately 
after exposure and a 31% increase in SA of QNB of the 
exposed chicks in experiment 5 (t=1.85, df=19, p<0.05) which 
were killed 20 min after exposure.
Pooling data from groups killed immediately after 
treatment revealed no difference between dark and exposed 
groups. The variation in results in experiments 7 and 8, 
prevented pooling of this data. When the data is standardized 
before pooling, there were no additional significant 
differences between any groups.
There was a significant decrease in QNB binding
217
TABLE 4.5 Correlation of QNB binding at various times after
exposure to'an imprinting stimulus or darkness. Results 
of t-tests are sham in the table. Analysis of variance 
(typr CRF-25 using unweighted means analysis for unequal 
n's) shews a significant effect of exposure.
Source SS df MS F P
Exposure 0.155 1 0.155 20.13 i—ioV
T i m e  after exposure 0.000 4 0.000 0 NS
Interaction 0.000 4 0.000 0 NS
W i t h i n  Cell 0.970 127 0.0077
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Subcellular distribution in the forebrain roof 
of QNB binding immediately after and 20 min 
after exposure to the imprinting stimulus for 
60 min.
Ordinate axes show the ratio of binding in the 
fraction to that of the total homogenate. Abcis 
is the cumulative protein recovery from the tot 
homogenate. In a) 24 animals were pooled into 3 
exposed and 3 dark groups. In b) 12 animals wer 
pooled into 3 exposed and 3 dark groups.
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in the optic lobes of chicks killed 1 h after exposure 
compared to dark controls, in terms of SA (19%, t=2.93, 
df=17, p<0.01) and TA (26%, t=6.87, df=17, p<0.001). There 
was no difference between the two sides of the optic lobes 1 
h after exposure with one eye covered.
Results of fractionation of forebrain roof of 
chicks killed at 0 and 20 min after exposure are presented 
in FIG 4.4 in the same manner as the results of previous* 
fractionations. The SA of ONB binding in the total homogenates 
of samples used for the fractionation immediately after 
treatment was 45% higher in the dark controls than in the 
exposed group, but this was not significant. From the 
subsequent recovery it would appear that the SA of binding 
in the dark group was overestimated, but nevertheless this 
group still seems to have a higher SA of ONB binding. The 
only striking difference between the groups is the 31% 
greater relative SA of QNB binding in the microsome-rich 
fraction of the exposed group.
The SA of QNB binding in the forebrain roofs from 
chicks killed 20 min after exposure was 18% higher than in 
samples from dark controls, but not significantly so. There 
are no great differences in the subcellular distribution of 
ONB binding between these groups, except perhaps for a 
relatively higher binding in the myelin-containing fraction 
of dark controls.
6. a-BUNGAROTOXIN BINDING
It can be seen from the results in TABLE 4.6 that
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TABLE 4.6 Correlation of a-BTX binding
with exposure to an imprinting 
stimulus for 60 min, in 
forebrain roof of chicks.
TABLE 4.7 Correlation of ChAc activity with 
exposure to an imprinting stimulus 
for 60 min, in forebrain roof
of chicks.
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there were no significant differences in the binding per mg 
protein or the total binding of a-BTX in the forebrain roof 
between dark control chicks and chicks killed 1 h after 
exposure.
7. CHOLINE ACETYLTRANSFERASE ACTIVITY
TABLE 4.7 shows that there were no differences 
in the specific activity of ChAc (nmol/h/mgP) between the 
forebrain roofs of dark control chicks and chicks killed 
1 h after exposure. There was a greater total ChAc activity 
(nmol/h/forebrain) in the exposed group, but this was only 
significant in a one-tailed test (t=1.95, df=8, p<0.05).
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Discussion
The incorporation of 14C-lysine into the TCA- 
insoluble portion of forebrain roof from chicks exposed to 
an imprinting stimulus or held in the dark for 1 h showed 
a significant pattern when the data from comparable experiments 
were pooled, although this pattern was not apparent in each 
individual experiment. In experiments where lysine was injected 
after exposure there was a significant increase in the RSA 
of TCA-insoluble material in the forebrain roof in exposed 
chicks compared to dark controls (p<0.05). A trend in the same 
direction, which was not significant, was also seen in 
experiments where the lysine was injected during exposure.
Data pooled from all appropriate experiments (ie. including 
experiments where lysine was incorporated for 10 min, or 
where stimulation was monocular) represented 6 hatches and 
143 chicks. There was a significant increase in the relative 
specific incorporation of lysine into protein in forebrain 
roof in exposed chicks (p<0.025). There were no significant 
changes in total pool radioactivity in any groups although 
TA tended to increase in groups injected after exposure (in 
agreement with HAMBLEY, et al,1977) and tended to decrease 
in groups injected during exposure in relation to dark controls. 
This means that there was no significant increase in the 
average SA of free lysine in these groups unless the free 
lysine pool decreased in size. The data of HAMBLEY, et al,
(1977) indicates that, at least in the case of chicks 
injected after exposure, the free lysine pool increases
226
although not significantly. This suggests that the result may 
represent increased turnover of protein, although it should 
be remembered that compartmentation might affect the specific 
activity of the actual lysine pool being used for protein 
synthesis.
When the data was standardized for hatch 
variability, the group injected with lysine after exposure 
showed significant increases in SA and RSA of lysine 
incorporation (p<0.05). The standardized data from all 
experiments revealed an 11% increase in RSA of lysine 
incorporation (p<0.02) in the forebrain roofs of exposed 
chicks.
There appears to be no report of changes in 
incorporation of labelled lysine, where the chick was being 
exposed throughout the period of incorporation. BATESON, et 
al,(1969) exposed chicks for 105 min and the incorporation 
period covered the last 45 min of their exposure and a further 
40 min while they were held in the dark. This essentially 
covers both periods of incorporation used in the present 
study. 17 chicks were used from a total of 6 hatches in this 
study. The data as it was originally presented was standardized 
in the same way as has been done here. The SA of TCA-insoluble 
material from forebrain roof of early-hatchers in the exposed 
groups was just significantly higher than the SA of the light 
and dark control groups.
The group exposed for 60 min in the study of 
HAMBLEY, et al,(1977) is comparable to the groups injected 
with lysine after exposure in this study. 12 chicks in each
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group from a total of 4 hatches were exposed or held in 
the dark for 60 min, lysine was injected and the chicks were 
held in the dark for 20 min before they were killed. The 
biochemical results were not standardized in any way in 
this paper, and are given separately for the anterior and 
posterior portions of the forebrain roof. They found an 
elevation of total pool radioactivity which was significant 
only in the posterior roof. The data of the present study 
indicates a 7% elevation which is not significant. HAMBLEY, 
et al.(19 77) found a significant elevation of the SA of TCA- 
insoluble material of exposed chicks only in the anterior 
forebrain roof (p<0.03). An increase in RSA of around 9% can 
be calculated from their data. This agrees well with the 
results found here.
The only other published replication of this 
effect is a separate experiment in HAMBLEY, et al,(1977).
Data obtained from 20 chicks in each group, from 4 hatches, 
indicated a 22% increase (p<0.05) in SA of TCA-insoluble 
material from anterior forebrain roof of chicks exposed in 
the same manner as the previous experiment, compared to dark 
controls.
It is very interesting to note in experiment 8 
of TABLE 4.1, the group exposed for only 3 min showed a 
significantly greater RSA than the group exposed for 60 min. 
The RSA of the group exposed for 60 min is lower than dark 
control values, and although this RSA of the 3 min group is 
higher than dark controls, this is not significant. Therefore 
it is hard to conclude whether the difference between exposed
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groups has any meaning. It would be worthwhile attempting to 
replicate this result, because a possible interpretation is 
that the rate of incorporation is related to how recently the 
chick has been primed. It is also possible that a biochemical 
change could be triggered by only 3 min exposure to the 
stimulus, as long-term behavioural effects have been noted 
after only. 3 min exposure.
The fact that the observed elevation of lysine 
incorporation occurs most strongly when incorporation takes 
place in the dark, after imprinting, lends a degree of 
behavioural specificity to the correlation. That is, the 
biochemical change is ongoing and not simply a direct 
immediate effect of visual stimulation, although it could 
represent the recovery from such an effect. Any ongoing 
biochemical process, even the recovery from activity, may 
be a real correlate of the animal's ability to modify its 
subsequent behaviour.
The question arises, however, as to whether this 
particular biochemical change is great enough and reliable 
enough to justify further biochemical refinement, even though 
it still appears to be behaviourally very interesting. 
Autoradiography, fractionation, electrophoresis or any other 
separation techniques require a large, statistical effect 
which can be reproduced without using huge numbers of chicks 
over many experiments. The studies of BATESON, et al,(1969) 
and HAMBLEY, et al,(1977) used only 3-5 chicks in each group 
from each hatch, so they would certainly not have found any 
significant differences in one experiment. Even though 8-12
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chicks, all from one hatch, were used in each group in the 
present study, no significant differences in incorporation 
of lysine were found in any experiment, and there was not even 
a trend in the same direction in all experiments. Therefore 
it seems that this elevation of lysine incorporation, in the 
form in which it has been experimentally produced so far, 
is not suitable for further biochemical investigations.
For this reason, fractionation studies were not 
pursued beyond the few initial experiments, although in two 
fractionations carried out after 20 min incorporation in the 
dark, a statistical difference was found between exposed and 
dark groups. There were not sufficient samples to examine 
significant differences between fractions, but there was 
some suggestion of biochemical specificity in the slight 
concentration of incoporated lysine in the microsomal and 
synaptosome-rich fractions. The difference in synaptosomal 
fractions approached significance with only 5 samples in 
each group.
It might be possible to get statistical differences 
in fractionations by pooling results from a large number of 
experiments but given the variability of the procedure, this 
would not be very satisfactory or convincing.
In summary, while the correlation between exposure 
to an imprinting stimulus and increased lysine incorporation 
in the forebrain roof still appears to be behaviourally 
and biochemically interesting, the effect is not sufficiently 
reproducible to encourage further investigations of biochemical 
specificity.
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In contrast to this, the results of fucose 
incorporation were much more reproducible and significant 
in each experiment. Specifically, the groups which incorporated 
fucose during exposure had statistically greater RSA in the 
TCA-insoluble portion of forebrain roof than primed dark 
control groups, in all experiments except the fractionation, 
where there was still a non-significant 5% increase. With the 
exception of the fractionation experiment the groups which 
incorporated fucose during exposure had statistically higher 
RSAs than groups which incorporated fucose after exposure. 
Indeed, the large difference (45%) between these 2 groups, 
and its reliability suggest that the group incorporated after 
exposure might provide an interesting control for the group 
incorporated during exposure, in any investigations of 
biochemical specificity.
However there is some doubt about both the 
biochemical and behavioural specificity of these effects.
There were massive changes in the total radioactivity of 
groups in experiment 1 of TABLE 4.3. These cannot alone 
explain the changes in SA, because the highest SA occurs in 
the group injected before exposure which had a TA exactly 
half way between the other two groups. There were no 
significant changes in the TA of groups in other experiments, 
where the increased incorporations were also found. This 
however does not entirely justify an interpretation of increased 
SA of TCA-insoluble material as an increased glycosylation 
of proteins. No data is available, as it is in the case of 
lysine, to rule out large decreases in total pool size of
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free precursor, so it is possible that the observed effect 
was the result of an increase in the SA of the free fucose 
pool. This is much more likely here than in the case of 
lysine incorporated after exposure because one group was 
exposed to the stimulus for an entire hour after injection 
of labelled fucose, while the other exposed group was placed 
in the dark after injection of isotope. It may be that a 
depletion of free fucose during exposure, which would result 
in increased radioactivity of glycoproteins, is followed by 
a replacement of unlabelled fucose into the pool, diluting 
the isotope and resulting in lower radioactivity of glyco­
proteins produced in the hour after exposure. The very size 
of the effect may suggest a general mechanism such as changes 
in the SA of free fucose.
The behavioural specificity of the fucose effect 
is brought into doubt by the fact that increased SA of TCA- 
insoluble material was observed only when the fucose was 
incorporated while the chick was receiving visual stimulation 
Indeed the effect was reversed when incorporation took place 
in the dark. There is a strong likelihood that the increased 
SA was the direct result of visual stimulation, although the 
optic lobes of chicks treated the same way did not show any 
significant differences. Again, if the decreased SA of TCA- 
insoluble material in the group incorporated after exposure, 
is an ongoing effect of visual exposure, it may be of more 
interest than the increased SA during exposure, even if the 
ongoing effect is only a recovery of free fucose levels in 
response to the previous experience.
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It would be possible, but difficult, to examine 
the biochemical specificity of this effect by measuring 
changes in levels of free fucose, but this would not give 
a conclusive answer, and this perhaps is not the most 
interesting problem. The most profitable continuation of 
these experiments would be an examination of the behavioural 
specificity of the effect. An experiment similar to that of 
BATESON, et al,(1973) would be very appropriate. If chicks 
were exposed for varying periods of time on the first day 
after hatch, and the fucose was incorporated during 60 min 
exposure on Day 2, it could be determined whether the effect 
was related only to the immediate visual stimulation, or 
whether it was influenced by previous experience. Even if 
the effect is the result of changes in pool size of fucose, 
it would still be very interesting if these changes were 
modified by the visual experience on the previous day.
Although correlations between exposure to an 
imprinting stimulus and AChE activity in the forebrain roof 
were quite variable between experiments, a definite 
relationship existed between the level of AChE activity and 
the exposure apparatus used. In experiments where chicks 
were exposed in apparatus I, a significant increase in 
standardized SA of AChE was found in the forebrain roofs of 
exposed chicks killed 1 h after exposure but not 0 or 24 h 
after exposure, compared to dark controls. This replicated 
the results of HAYWOOD, et al,(1975) who found such a 
stimulation in the forebrain roof after exposure, but not 0, 
6, 12 or 24 h after exposure. This data was collected from
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12 chicks in each group, from a total of 4 hatches. The data 
was pooled and presented without standardizations which were 
necessary here due to the variability in the assay as well as 
hatch variability. Although it is not clearly specified, it 
is assumed that the exposure apparatus was the same as used 
by BATESON, et al,(1972), where chicks were held in small 
cages whose fronts were 45cm from the stimulus. This is very 
similar to apparatus I. There were no such changes in optic 
lobe of chicks killed 1 h after exposure in apparatusl.
When these experiments were repeated in apparatus 
II, the reverse effects were found. The forebrain roofs of 
chicks killed 1 h after exposure showed significantly smaller 
SA of AChE than dark controls in 3 out of 4 experiments.
Pooled standardized data indicated a significant reduction in 
the SA of AChE in chicks killed 0 or 1 h after exposure but 
not 3 h after exposure, in comparison to dark controls.
Experiment 6 in TABLE 4.4 was performed using an 
apparatus midway between the other two types of apparatus.
The chicks were held a 150cm from the stimulus but not 
allowed to approach. In this case no difference was found 
in AChE activity between the two groups.
While there were significant changes in AChE 
activity in the forebrain roof but not in optic lobe, following 
exposure to an imprinting stimulus, it appears that these 
changes correlate with something which is precisely opposite 
in the two experimental situations. Imprinting, or anything 
essential to the process of imprinting, is a very unlikely 
candidate. The difference could lie in the degree of stress,
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perhaps caused by being prevented from approaching or by 
being placed so close to the stimulus at the beginning of the 
exposure, or in the ability to approach, as this was the first 
time the chicks had an opportunity to develop and practice 
visual-motor coordination, or indeed the first time they had 
been able to move this far. The work of ANDREW(1964) suggests 
that the imprinting stimulus at only 50cm may constitute an 
intense stimulus contrast of the type which elicits avoidance, 
while the stimulus at 240cm may be in the category of moderate 
contrast which elicits approach in a naive chick.
Once again, this is an ongoing effect of 
behavioural experience and may be of some interest. Because the 
changes are in opposite directions, the biochemical 
reproducibility may be great enough to allow behavioural 
experimentation to determine more exactly which parameters 
of the exposure situation influence AChE activity in the 
forebrain roof.
The binding of §£-BTX to forebrain roofs of exposed 
and dark control chicks suggests that there is no significant 
correlation between exposure and the numbers of nicotinic 
receptors that can be detected in vitro. This is true for 
nicotinic receptors in chicks killed 1 h after exposure, but 
a-BTX binding should be examined at slightly longer times after 
exposure to properly eliminate any correlation between 
exposure and number of nicotinic receptors. Such an experiment 
was attempted in this study, using chicks killed 0, 1 and 
3 h after exposure, but radioactivity counts from the assay 
were too low for the data to be useful.
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There were no changes in muscarinic receptors in 
chicks killed 0, 1, 6 and 24 h after exposure. There was an 
increase in SA of QNB binding which was just significant in 
a one-tailed test at 20 min after exposure but this was not 
replicated in the 20 min fractionation experiment, although 
the trend was in the same direction. ROSE(pers. comm.) claims 
to have found a large transitory rise in QNB binding after 
exposure to an imprinting stimulus. All the QNB binding 
experiments in the present study were performed in apparatus 
I, which does not seem to have such a strong behavioural 
effect on chicks as apparatus II. Presumably the study by 
Rose's group was carried out in their more recent apparatus 
which allows chicks to run in a running wheel, even though 
they cannot get closer to the stimulus (BATESON, HORN and 
ROSE,1975). This is more similar to apparatus II in some 
respects.
The only potentially interesting aspect of the 
fractionation of QNB binding is that there appeared to be a 
greater proportion of muscarinic receptors in the microsomal- 
rich fraction in exposed chicks at the end of exposure. This 
could prove interesting if it can be reproduced.
It is quite possible that any changes in receptors, 
in vivo3 may not be detected by the assay performed in vitvo. 
The process of homogenization may destroy any conformational 
chancres or masking of receptors which occur in vivo.To attempt 
to measure binding in vivo would incur all the problems of 
interpretation, such as changes in regional blood flow, from 
which the incorporation experiments suffer.
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QNB binding in optic lobe did show a significant 
decrease 1 h after exposure. A difference between sides of 
the optic lobes was not evident after the same period in 
chicks exposed monocularly, but this would not be expected 
if the biochemical effect correlates with information which 
can be transferred between the lobes. In the light of this 
it will be interesting to see if Rose's QNB binding data was 
standardized in relation to the midbrain as was done with 
uracil incorporation data in BATESON, et al,(1975). If this 
is so, then the very significant decrease in optic lobe will 
artificially elevate standardized QNB binding in forebrain 
roof.
There is a suggestion of an increase in total 
ChAc activity in forebrain roof 1 h after exposure, but not 
in specific activity. This is contrary to the results of 
HAYWOOD, HAMBLEY and ROSE(1975), but was found in one 
experiment using only 5 chicks in each group.
In summary, exposure to an imprinting stimulus 
affects both the synthesis of proteins and the glycosylation 
of proteins in the forebrain roof, but in somewhat different 
ways. Protein synthesis was increased by around 11% when 
measured over a 20 min period after exposure, but an increase 
of similar size in protein synthesis during the last 20 min 
of exposure was not significant. Glycosylation of proteins in 
the forebrain roof during exposure was greatly elevated, but 
glycosylation during a 1 h period after exposure was depressed
The success of attempts to find some degree of
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biochemical specificity of lysine and fucose incorporation 
has been limited. In the case of lysine this was because the 
increased incorporation in the forebrain roof was not 
sufficiently reproducible to allow these experiments to be 
performed, with the exception of a few subcellular fraction­
ations. These showed that increased lysine incorporation was 
not outstandingly concentrated in any fraction, but this 
would not really be expected, as even known markers of 
post-synaptic receptors are found in reasonable concentration 
in all fractions. No further fractionations were carried out 
to look for any smaller changes because of the unreliability 
of the effect.
In the case of fucose, changes were large and more 
reliable, but some degree of behavioural specificity needs to 
be established before further investigation of biochemical 
specificity becomes useful.
None of the specific proteins examined showed any 
correlation with exposure to the imprinting stimulus, with 
the possible exception of muscarinic receptors, 20 min after 
exposure. AChE activity was found to be related to some 
aspect of the exposure situation which acted oppositely 
in the two types of apparatus used. The behavioural correlate 
does not seem to be closely related to the imprinting process 
since exposure in either apparatus resulted in greater 
subsequent approach to the stimulus. The increased QNB binding 
20 min after exposure only bordered on significance, and 
nothing is known about the behavioural specificity of this 
change.
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DUNN(1980) concludes that the major problem of 
the reported correlative investigations is the lack of 
reproduction of results outside of the laboratory where they 
were first reported, and often a lack of evidence for 
reproducibility of effects within a laboratory. While this 
study replicates many of the results of Rose's group, the 
difficulty of obtaining these results with regularity is 
very apparent.
However, in the absence of a better way of 
approaching these questions, this system still seems to be 
the most promising. In particular, continuation of this line 
of research should initially concentrate on establishing the 
behavioural specificity of some of the larger biochemical 
changes, such as in fucose incorporation, QNB binding and 
perhaps AChE activity.
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CHAPTER 5
EXPOSURE TO AN IMPRINTING STIMULUS; INTERVENTIVE APPROACHES
Introduction
1. LITERATURE REVIEW
A number of studies have reported that the long 
term effects of an imprinting experience can be reduced by 
treatment around the time of imprinting with agents which 
generally disrupt normal brain function. FISHER, CAMPBELL 
and DAVIS(1965) reported that 1 day old chicks given a series 
of 9 electroconvulsive shocks immediately after exposure 
to a moving, noise-emitting surrogate mother, subsequently 
followed the surrogate for less time than chicks which were 
not shocked or only given a single shock. When pentobarbital 
was administered to young chicks immediately after exposure 
to an imprinting stimulus, the amount of approach to the 
stimulus in a subsequent test was reduced only if they became 
unconscious within 25 sec of the end of imprinting (BRADFORD 
and MCDONALD,1969). Chicks approached to the same degree as 
control chicks if they took longer to become unconscious or 
if they were not injected with pentobarbital until 3 h after 
exposure. LECANUET, DEWEER and BLOCH(1974) reported similar 
effects using halothane anaesthesia shortly after a 20 min 
imprinting experience. However a subsecruent report (LECANUET, 
ALEXINSKY and CHAPOUTHIER, 1976) claimed that inhibition of 
retention of imprinting only occurred when chicks were 
imprinted for periods of less than 4 min. It is particularly 
important in studies using such general disruptive agents,
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to show that any deficit in the test situation is not due to 
a general performance deficit. This was done by BRADFORD and 
MCDONALD(1969) who showed that pentobarbital only caused a 
deficit when it was administered at certain times in relation 
to training, and not at other times. ZINKIN, LECANUET and 
DEWEER(1976) found that chicks subjected to halothane 
anaesthesia followed the imprinting stimulus to a lesser 
extent than completely naive chicks, regardless of the time 
of injection. This was interpreted as a general performance 
deficit resulting from the drug treatment. However, they also 
found that the onset of following, ie. the latency of initial 
following, decreased only in chicks which received halothane 
treatment immediately after imprinting. This was interpreted 
as a specific amnesic effect of the treatment.
The effects on imprinting retention of a range of 
more specific metabolic inhibitors have been examined in a 
small number of studies. CODISH(1971) trained 1 day old 
chicks to follow a noise-emitting surrogate and then injected 
1.2yg actinomycin D, an inhibitor of RNA synthesis, or saline 
in a volume of 12yl intra-cerebrally. When the chicks were 
tested 4 days later, more of the chicks injected with saline 
followed the surrogate than chicks injected 30 min after the 
training with actinomycin D. Chicks which were injected with 
actinomycin D 1 day after training followed the surrogate to 
the same extent as the saline-injected chicks, but this does 
not rule out the possibility of a general performance deficit, 
because the chicks may well be more vulnerable to the effects 
of such a drug during the first day after hatch than on the
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following day. Controls for possible long-term performance 
deficits should be injected at a time removed from the time 
of training, but still around the same age as the experimental 
groups. Actinomycin D is not a suitable inhibitor for 
interventive studies, as it appears to cause considerable 
brain damage (V7ETZEL, OTT and MATTHIES , 19 76) .
GERVAI and CSANYI(1973) found that neither lmg 
puromycin (PM) given intracerebrally nor 0.5mg cycloheximide 
(CXM) given peripherally, affected the approach of 2 day old 
chicks to a novel imprinting stimulus, 1 h after injection.
PM, but not intracerebral CXM, when administered 1 h before 
a 30 min exposure to an imprinting stimulus, reduced the 
number of chicks which approached the stimulus 3 h later.
The effect of PM is fairly uninteresting since it was given 
before training and because of its known side-effects (COHEN, 
ERVIN and BARONDES,1966; HOFERT and BOUTWELL,1963; GAMBETTI, 
GONATAS and FLEXNER, 1968) . However, the lack of effect of 
CXM is of interest, especially considering the massive dose 
administered.
A more extensive study by GIBBS and LECANUET(1980) 
examined the effects of glutamate, an amino acid; ouabain, 
an inhibitor of Na+/K+ATPase; aminoisobutyrate (AIB), a non- 
metabölized amino acid which competes for membrane transport 
sites with natural amino acids; and CXM, an inhibitor of 
protein synthesis. Drugs were given by intracerebral injection 
in volumes of 10yl per hemisphere, at various times in relation 
to a 10 min training session. One day old chicks were placed 
in a circular arena, and were able to follow a suspended red
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rubber ball with yellow stripes which moved in a circular 
path around the arena. The stimulus moved for 16 sec, then 
paused for 4 sec, repeatedly during the session. The chick's 
proximity to the stimulus was recorded for each 1 min period 
during the 10 min session. Chicks were retested under identical 
conditions 2 days later. The effect of the training session on 
the test scores was expressed as the difference between the 
amount of following during training and testing. Any decrease 
in this difference was interpreted as an amnesic effect of the 
drug. 4mM monosodium glutamate decreased retention when injected 
5 min before training but not when injected immediately after 
training. 0.027mM ouabain decreased retention when given 5 min 
before, or immediately after training but not 5 min after 
training. lOyg CXM was amnesic when injected immediately after 
or 5 min after training but not 10 min after training. 250mM 
AIB was only given immediately after training, at which time 
it induced an equal degree of amnesia to ouabain and CXM. The 
amnesic effects of glutamate given 5 min before training and 
ouabain and cycloheximide given immediately after training 
were confirmed using a choice test between the familiar 
imprinting object and a novel object. The time sequence of the 
actions of these drugs was the same as that found using a one- 
trial passive avoidance task in chicks (GIBBS and MG,1977), 
and a visual discrimination known as the pebble floor task 
(GIBBS and NG,1978). The latter task, which requires a chick 
to learn to discriminate between loose grains of food and 
small pebbles glued to a perspex floor, is similar to 
imprinting in that learning takes place gradually over a period
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of time, in this case 10 min.
While these drugs may be affecting the 
consolidation of memory itself, other effects have been 
reported which may, either individually or by interacting 
with each other, also affect the response of young chicks 
in this situation. McFADDEN(1979) has proposed that the effect 
of ouabain on chicks' responses to novel food can be 
explained by the trancruillizing properties of the drug.
Long-term imprinting of learning is known to 
occur when young chicks are injected with CXM (ROGERS, DRENNEN 
and MARK,1974) or glutamate (SDRAULIG, ROGER and BOURA,1980). 
CXM also appears to increase the reactivity of chicks (SANBERG, 
FAULKES, ANSON and MARK,1980) and to decrease their 
distractability (ROGERS and ANSON,1979; ANSON,1980).
Another possible explanation of the apparently 
amnesic effects of these drugs is that their injection may 
be aversive and result in conditional aversions being formed 
by the chicks. It has been reported that CXM can produce 
aversions to food or water (NAKAJIMA,1974; BOLAS, BELLINGHAM 
and MARTIN,1979; ANSON,1980). BOLAS, et al,(1979) have shown 
that ingestion of novel food is not necessary for formation of 
aversion, and ANSON(1980) has shown that context specific 
aversions can be formed ANSON(1980) has also minimized the 
effects of CXM. on the pebble floor task, and another similar 
task, using the aversive agent lithium chloride.
Other than the work of GIBBS and LECANUET(1980), 
there are no studies of reasonably specific metabolic 
inhibitors which even approach the necessary experimental
244
requirements to strongly suggest that the inhibitors are 
affecting retention of imprinting itself.
2• PLAN OF PRESENT STUDY
It was decided to examine the effects of two drugs, 
cycloheximide (CXM) and aminoisobutyrate (AIB), in the same 
imprinting situation used for correlative studies. The 
primary effect of CXM is to inhibit cytoplasmic ribosomal 
protein synthesis. The primary effect of AIB is to compete 
with natural amino acids for membrane transport sites, 
effectively retarding the rate of uptake of these amino 
acids. Clearly these two effects are related, as protein 
synthesis is dependent on an adequate supply of amino acids.
The effectiveness of the inhibition of protein 
synthesis by CXM, was studied in detail in forebrain roof of 
12 h, 2 day and 16 day old chicks. The timecourses of 
intracerebrally and peripherally injected CXM were examined 
between 15 min and 24 h after injection. This data is 
important, not only for this study, but also the rapidly 
growing literature on the effects of CXM on other behaviours 
in chicks (eg. ROGERS, DRENNEN and MARK,1974; BELL and GIBBS, 
1977; BOLAS, BELLINGHAM and MARTIN,1979; ROGERS and ANSON, 
1979).
Changes in pool size of free lysine were measured 
to determine whether changes in the specific activity of 
free lysine might be occurring as a response to CXM.
Further experiments examined the spread of CXM 
following unilateral injection, the peripheral effects of
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centrally injected CXM and the effects on inhibition of 
holding the chicks in the light or dark immediately after 
injection.
Behavioural experiments examined the effects of 
injecting CXM or AIB, before or after exposure to an 
imprinting stimulus, on the approach behaviour of chicks 
tested on the day after exposure. All chicks were primed 
before exposure, therefore chicks which were injected with 
CXM 1 h before exposure were in the light for 2 h after 
injection, while those injected after exposure were placed 
immediately in the dark. It was thought that this difference 
in conditions after injection might be responsible for the 
observed difference between these groups of chicks, especially 
since ROGERS, DRENNEN and MARK(1974) showed that darkness 
after injection of CXM protected chicks from some of the 
long-term effects of the drug. Therefore, further experiments 
examined chicks which were injected and held in the dark for 
 ^or 1 h before exposure and chicks which were injected after 
exposure and then held in the light for 1 h.
Methods
1. BIOCHEMICAL EFFECTS OF CYCLOHEXIMIDE
Chicks, which were housed in the chicken colony 
under continuous light, were used to determine the timecourse 
of inhibition of protein synthesis following peripheral or 
central administration of CXM. The rate of 14C-lysine 
incorporation into the TCA-insoluble fraction of forebrain
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was determined in chicks aged 12 h, 2 days and 16 days. This 
was carried out at 15 min, 30 min, 1 h, 3 h and 24 h after 
40yg of CXM or 0.9% saline was injected pericardially in 
a volume of 50yl, and 30 min, lh, 2h, 3h, 6 h  and 24 h after 
injection of 20yg CXM or 0.09% saline into each cerebral 
hemisphere,'in a volume of 25yl.
The effect of CXM on free lysine levels was 
determined by column chromatography, as described in General 
Methods, in the forebrains of 2 day old chicks killed 1 h 
after intracerebral injection of 0.9% saline or 40yg CXM 
in a volume of 25yl.
Various doses and volumes of CXM were injected into 
only one cerebral hemisphere in order to determine the 
regional extent of the drug's effect. Doses as low as 5yg in 
a volume of only 5yl were used, and the lysine incorporation 
determined 5 min after injection, in order to detect any 
localization of the inhibition of protein synthesis. The 
various parameters are shown with the results in TABLE 5.2.
The degree of inhibition of peripheral protein 
synthesis was determined by measuring lysine incorporation 
in the livers of 2 and 16 day old chicks killed 1 h after 
intracerebral injection of 40yg CXM.
In all of the above experiments each group 
contained at least 5 chicks.
Results of behavioural experiments with CXM suggested 
some differences between chicks held in the light or dark 
immediately after injection. Therefore an experiment, 
simulating the conditions of the behavioural experiments, was
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carried out. All chicks were primed for 120 min, injected 
intracerebrally with 40yg/50yl CXM and held in constant white 
light or in a dark holding box for 40 min. 14C-lysine was 
injected 10 min before the end of this period, after which 
the chicks were killed and incorporation of lysine was 
determined. Only 3 chicks were used in each group in this 
experiment. One chick was injected with saline and held in 
the light for an equivalent period.
2. BEHAVIOURAL MEASUREMENTS
In two experiments using AIB, exposure was carried 
out in apparatus I. In all other experiments exposure was done 
in apparatus II, in exactly the same way as in the previous 
chapter except that chicks were exposed for only 30 min.
Chicks were returned to the dark holding boxes, and tested for 
approach to the stimulus at 18-20 h after exposure.
The chicks in the first two AIB experiments were 
tested in the wooden runway described in General Methods.
This runway was essentially the same as the metal runways 
(apparatus II) used for the rest of the experiments.
Approach was tested in the manner described in 
Chapter 4. Although simple approach is by no means a strict 
measure of imprinting, these techniques provided a good 
statistical distinction between exposed and dark groups. Some 
tests were carried out where chicks had a choice between two 
differently coloured stimuli as described in General Methods, 
but this did not allow the groups to be easily distinguished. 
This may have been partly due to the stumiili being too
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similar and partly due to the problem of randomness of first 
steps. If a chick takes a few random steps toward a particular 
stimulus, then that stimulus is closer and appears larger 
and brighter to the chick, hence the first movement of the 
chick may determine the final choice. Restraining the chick 
in this situation until both stimuli had been observed by 
the chick was not successful, perhaps due to the stressfulness 
of this procedure, so it seems that there is no solution 
to this problem without resorting to the elaborate apparatus 
of the type used by HORN, ROSE and BATESON(1973). It was 
not the intention of the study to become too deeply involved 
in the behavioural measurements.
Vocalizations of chicks were recorded during the 
test period, but no correlation was found between the type 
or intensity of calls and the previous experience of the 
chicks. ANDREW(1964) and GINSBURG, BRAUD and TAYLOR(1974) 
showed that there is no simple monotonic relationship 
between vocalization and approach or emotionality.
Students' t-test was used to analyse latency 
data, and Mann-Whitney U-tests were used to analyse total 
approach data.
3. BEHAVIOURAL EFFECTS OF CYCLOHEXIMIDE
A total of 210 chicks was used in 9 experiments. 
Chicks in each experiment were almost always from the same 
batch. All groups received 120 min priming before treatment. 
Chicks were injected intracerebrally with saline or 40yg/50yl 
CXM, 1 h or h h before training (ie. exposure to stimulus or
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being returned to dark box), or were injected immediately,
 ^h or 1 h after treatment. In different experiments chicks 
were either exposed to overhead light or returned to the 
dark immediately after injection. These paradigms are 
illustrated in FIG 5.1. All chicks were then held in the 
dark until testing.
4. BEHAVIOURAL EFFECTS OF 2-AMINOISOBUTYRATE
119 chicks were used in five experiments to 
examine the effects of 150mM AIB injected intracerebrally 
in a volume of 50yl. All chicks were primed for 90 min. In 
two experiments using apparatus I and one experiment using 
apparatus II, AIB was injected immediately before exposure 
for 1 h. Two experiments using apparatus II showed the effects 
of injecting AIB immediately after 30 min or 15 min exposure. 
All chicks were returned to dark holding boxes until testing 
18-20 h later. These paradigms are also shown in FIG 5.1.
Results
1. BIOCHEMICAL EFFECTS OF CYCLOHEXIMIDE
Relative specific activities of TCA-insoluble 
material were calculated as the ratio of TCA-insoluble 
radioactivity to total tissue radioactivity as previously 
described. Results in FIG 5.2 are given as percentage 
inhibition, ie. the difference between the RSA of saline- 
injected chicks and RSA of CXM-injected chicks, as a 
percentage of the RSA of saline-injected chicks. It is clear 
that maximum inhibition of protein synthesis occurs 1 h
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FIG 5.1 Experimental paradigms used to 
examine the effects of CXM and 
AIB on retention of imprinting. 
Testing occurred approximately 
18 h after imprinting.
Arrows indicate time of injection 
of drug or saline.
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FIG 5.2 Timecourse of inhibition of protein synthesis 
in the forebrain by CXM (40yg/50yl/side), 
administered a) intracerebrally and b) periphere 
to 12 h, 2 day and 16 day old chicks.14C-lysine 
was injected at the times shown on the abcissca 
and chicks were killed 20 min later. Inhibition 
is calculated as the ratio of relative specific 
activity of the TCA-insoluble fraction of the 
forebrains of chicks treated with CXM, to the *
RSA of those treated with saline.
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after injection, regardless of the age of the chick or the 
route of administration of the drug. The inhibition of 
centrally administered CXM at all ages and peripherally 
administered CXM in 12 h old chicks, followed the same 
timecourse up to 6 h after injection, while inhibition in 
2 and 16 day old chicks injected peripherally dropped more 
rapidly after the peak. The onset of inhibition after 
peripheral injection of CXM was significantly slower (p<0.05) 
in 16 day old chicks than in the other two groups. Protein 
synthesis in 2 and 16 day old chicks recovered, and overshot 
normal rates, by 24 h after injection, while the inhibitory 
effects were still apparent in 12 h old chicks. The 
stimulation of protein synthesis was significant (p<0.025) 
in the 16 day group.
TABLE 5.1 shows that both total free lysine per 
mg wet weight and total radioactivity per mg protein increase 
considerably in the forebrain by 1 h after intracerebral 
injection of CXM.
The results of unilateral injection of CXM, shown 
in TABLE 5.2 indicate that the inhibitory effects of CXM 
were widespread, not only in the non-injected hemisphere 
but also in left and right optic lobes. None of the values 
for a given dose of CXM were significantly different 
between any brain regions. Even when only 5yg of CXM was 
injected in 5yl, the biochemical effect had spread to all 
regions examined within 5 min.
Centrally injected CXM resulted in 55% inhibition 
of protein synthesis in liver in 2 day old chicks and 40%
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TAKLE 5.1 Lysine concentration and total 
radioactivity per forebrain (±SEM)
1 h after intracerebral injection 
of CXM or saline
TABLE 5.2 Inhibition of protein synthesis
following unilateral injection of 
various doses of CXM, compared to 
controls injected with saline.
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inhibition in 16 day old chicks 1 h after injection. It was 
also noted that CXM-treated chicks had distended gall 
bladders and in some chicks v/hich were killed longer than 
1 h after injection, the liver had a blotchy appearance.
One day old chicks injected intracerebrally 
with CXM and held in the light for 40 min had an average 
77 ± 4% inhibition of protein synthesis, while those held 
in the dark had an average inhibition of 80 ± 4%. It seems 
that the conditions immediately following injection of CXM 
have no effect on its primary biochemical effect, although 
more detailed experiments would need to be carried out to 
confirm this.
2. BEHAVIOURAL MEASUREMENTS
The approach latencies and total approach scores 
of uninjected dark control chicks and chicks exposed in 
apparatus I or II are shown in FIG 4.1 in the previous 
chapter. An experiment with untreated chicks, primed for 
90 min and exposed for only 15 min, indicated that there 
was still considerable enhancement of following on the next 
day (initial latency = 99.3 ± 25.4 sec, mean approach score 
+ 3.57) compared to dark controls (initial latency +180 ±
0 sec, mean approach score + 0.67).
There were no significant differences in test 
scores between uninjected chicks which were primed, compared 
to those which were not primed. The primed group had an initial 
latency of 102.5 ± 31.7. sec and an approach score of 3.25 ± 
1.05. The unprimed group tended to approach slightly faster
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with an initial latency of 65.0 ± 23.6 sec and an approach 
score of 3.88 ± 0.87.
3. BEHAVIOURAL EFFECTS OF CYCLOHEXIMIDE
FIG 5.3 shows the time taken to reach the three 
distances marked along the runway by chicks which were held 
in the dark after injection. The pooled data for dark control 
chicks is shown in FIG 5.3(a). Latencies were high in these 
groups, indicating a slower initial approach to the stimulus 
than that of previously exposed chicks. The CXM-treated chicks 
approached more rapidly than saline-treated chicks, with the 
exception of the group injected 1 h before exposure. Only 
the initial latency in the groups injected immediately after 
exposure showed a significant enhancement in the CXM group 
(t=1.93, df=l0, p<0.05, one-tailed). The same effect was seen 
in the dark control birds , where initial latencies were also 
significantly different between saline and CXM groups in a 
one-tailed test (t=1.77, df=32, p<0.05).
The differences in initial latencies are shown 
more clearly in FIG 5.4(a). Saline-treated chicks which were 
previously exposed, approached significantly faster than saline- 
treated dark controls when injection took place 1 h (t=2.09, 
df=22, p<0.05) or h h (t=2.36, df=25, p<0.05) before exposure 
or 1 h (t=5.61, df=27, pcO.OOl) after exposure. Chicks 
injected with saline 1 h after exposure approached 
significantly faster than chicks injected immediately after 
exposure (t=2.89, df=17, p<0.02), but it cannot be concluded 
that saline given immediately after exposure is amnesic because
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FIG 5.3 Approach latencies (±SEM) of chicks 
injected with CXM or saline and held 
in the dark. Injections were one (-lh),
% hour (-^ h) before exposure, or 
immediately (+0h), h hour (+^ h) or
* *one hour (+lh) after exposure.
Testing was carried out 18 h after 
exposure. The number of chicks in each 
group are shown above the bars in FIG 5.4(b). 
Chicks in the dark groups were from 3 batches, 
the -1 h and +0 h groups from 2 batches
each and the rest from one batch each.
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FIG 5.4 Initial latencies and total approach scores
of chicks injected at various times in relation 
exposure, with CXM or saline and held in the da 
after injection.Statistical differences (t-test 
in upper graph are in comparison to unexposed 
(dark) chicks. The analysis of variance table f 
an unweighted mean analysis (for unequal n; KIRK 
1968) of the initial latencies of CXM v's SAL * 
chicks appears below.
Source SS df MS F
A (CXM/SAL) 8880.4 1 8880.4 2.79 NS
B (Time) 31212.6 4 7803.2 2.45 NS
AB interact. 9079.6 4 2269.9 0.71 NS
Within cell 17 515 4.5 55 3184.6
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these groups were from different batches of chicks.
No amnesic effects of CXM were observed when the 
drug was injected under these conditions. Initial latencies 
of CXM-treated chicks were always shorter than initial 
latencies of saline-treated chicks and significnatly shorter 
than initial latencies of CXM-treated dark controls, except in 
the group injected 1 h before exposure. When all the initial 
latency data was pooled, exposed CXM-treated chicks showed 
a shorter initial latency than saline-treated chicks. This 
was significant in a one-tailed test (t=1.85, df=59, p<0.05).
This trend was confirmed by the total approach 
scores shown in FIG 5.4(b), where the CXM-treated chicks 
always scored more than or equal to the saline-treated 
chicks, however this was not significant at any timepoint/ 
Exposed saline-treated chicks approached closer to the 
stimulus than saline-treated dark controls, when the injection 
occurred 1 h before exposure (U=24, p<0.01), immediately 
after (U=7.5, p<0.05) or 1 h after (U=24.5, p<0.001) exposure. 
Only the group injected with CXM 1 h after exposure, 
approached significantly closer than CXM-treated dark controls 
(U=25.5, p<0.01).
The results indicate that injection of CXM followed 
by a period in the dark, around the time of imprinting exposure, 
enhances the approach of a chick on the following day.
FIG 5.5 shows the latencies to reach the three 
distances, of chicks which were held in the light after 
injection. The data for dark controls which were all held in 
the light for 1 h after injection was not different to the
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FIG 5.5 Approach latencies (±SEM) of chicks 
injected with CXM or saline and held 
in the light. Injections were one 
hour (-lh) or \ hour (-^ h) before 
exposure or immediately after 
exposure (+0h).
Testing was carried out 18 h after exposure. 
The number of chicks in each group are shown 
above the bars in FIG 5.6(b). Chicks in the 
dark groups were from 7 batches, the -1 h 
and +0 h groups from 2 batches, and the h 
group from 1 batch.
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data for dark controls held in the dark after injection.Again 
there was a tendency for CXM-treated chicks to approach faster 
than saline-treated chicks. This bordered on significance 
only for the 2 meter latencies (t=1.78, df=55, p<0.05, one- 
tailed) .
In contrast to this all exposed CXM-treated chicks 
had longer latencies than saline-treated chicks, at all 
injection times. Only the initial latencies of groups injected 
1 h before exposure showed a significant difference between 
saline and CXM treatments (t=2.52, df=22, p<0.02).
The initial latencies are regraphed in FIG 5.6(a). 
Exposed saline-treated chicks had significantly lower initial 
latencies than dark controls at all injection times; -1 h 
(t=5.82, df=41, p<0.001), h (t=1.92, df=35, p<0.05, one- 
tailed) and +0 h (t=4.21, df=40, p<0.001). There were no 
significant differences between CXM-treated exposed chicks 
and dark controls.
From FIG 5.6(b) it can be seen that exposed CXM- 
treated chicks approached to a lesser extent than exposed 
salie-treated chicks, at all injection times. This difference 
was significant between groups injected 1 h before exposure 
(U=37, p<0.05). The exposed saline-treated chicks all 
approached significantly closer to the stimulus than the 
saline-treated dark controls (-1 h, p<0.001; h, p<0.05;
+0 h, p<0.01). The scores of exposed CXM-treated chicks were 
not significantly different to scores of CXM-treated dark 
controls, but were significantly higher than saline-treated 
dark controls in groups injected 1 h before (p<0.05) or
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FIG 5.6 Initial latencies and total approach scores of chicks
injected with CXM or saline at various tines in relation 
to exposure and then held in the light for 1 h. Results 
of t-tests shewn in a) are ccsnparisons of initial latencies 
to those of dark controls.
Results of analysis of variance of data in FIGS 5.4 and 5.6 
are shown belew. A type CRF-232 analysis using unweighted 
means analysis for unequal n's was used to examine the 
effects of the drug, the tine of injection, and whether 
the chicks were held in light or dark after injection.
Source SS df MS F P
Drug 153.7 1 153.7 0.04 NS
Time of injection 3243.5 2 1621.8 0.43 NS
Light/Dark 1137.4 1 1137.4 0.30 NS
Drug x Time 1431.2 2 715.2 0.19 NS
Time x L/D 453.0 2 226.5 0.06 NS
Drug x L/D 2948.5 1 2948.5 0.79 NS
Drug x Time x L/D 476.0 2 238.0 0.06 NS
Within Cell 313413.3 84 3731.1
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immediately after (p<0.005) exposure.
There is a tendency for exposed CXM-treated chicks 
which are held in the light after injection to approach the 
stimulus to a lesser extent than saline-treated chicks. This 
is the reverse effect to that observed when the chicks were 
held in the dark after injection.
4. BEHAVIOURAL EFFECTS OF 2-AMINOISOBUTYRATE
Approach times of chicks injected with saline or 
AIB before or after exposure are shown in FIG 5.7(a). Both 
exposed saline-treated groups approached significantly faster 
than the saline-treated dark control group, with the exception 
of the 2 meter latency figure for th& group injected before 
exposure. Exposed chicks injected with AIB before exposure 
performed identically to the dark AIB-treated controls and 
the dark saline-treated controls. Exposed chicks injected with 
AIB after exposure had shorter latencies than either dark 
AIB-treated chicks or AIB-treated chicks injected before 
exposure. Differences were significant (t=3.69-6.55, pcO.OOl) 
at all distances. Chicks injected with AIB after exposure, 
approached significantly faster than chicks injected with 
saline after exposure, when initial latencies were compared 
(t=2.75, df=24, p<0.02).
The approach scores (FIG 5.7(b)) confirm these 
results. Exposed saline-treated chicks and chicks injected 
with AIB after exposure, all approached significantly closer 
to the stimulus than dark control chicks. Chicks injected 
with AIB before exposure were not significantly different
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FIG 5.7 Approach latencies and total approach scores of chicks
injected with AIB or saline either before or after exposure 
to an inprinting stimulus or darkness. Results of analysis 
of variance (type CRF-222 using unweighted means analysis 
for unequal n's) are shown below.
Source SS df MS F P
Drug 20.1 1 20.1 0.01 NS
Exposure 50344.9 1 50344.9 18.05 <.01
Time 6872.0 1 6872.0 2.46 NS
Drug x Exp. 116.4 1 116.4 0.04 NS
Exp. x Time 9788.8 1 9788.8 3.51 NS
Drug x Time 42655.4 1 42655.4 15.29 <.01
Drug x Exp. x Time4468.9 1 4468.9 1.60 NS
Within Cell 309627.3 111 2789.4
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to controls, but approached significantly less than saline- 
treated chicks injected at the same time (U= 93, p < .001).
AIB abolished the exposure-induced increase in 
approach only when it was given before exposure and not after. 
AIB given after exposure may even slightly enhance approach 
on the following day.
Discussion
1. BIOCHEMICAL EFFECTS OF CYCLOHEXIMIDE
The maximum inhibition of protein synthesis in 
the forebrain occurs 1 h after both peripheral and intra­
cerebral injection of CXM, in chicks aged 12 h, 2 days or 
16 days. Peripheral injection results in a similar timecourse 
of inhibition to intracerebral injection, only in 12 h old 
chicks. This may be due to the greater body weight of older 
chicks, the development of a blood-brain barrier to CXM, or 
a decreased sensitivity to the drug. The fact that, at all 
ages, intracerebral CXM has similar effects rules out the 
last possibility. While it is known that blood-brain barriers 
develop in the young chick over the period studied, this 
explanation cannot be established from the present results. 
The levels of inhibition in the forebrain of 2 day old chicks 
injected intracerebrally with 20yg CXM reported by GIBBS, 
RICHDALE and NG(1979) are very close to those found here.
In young chicks, appreciable inhibition of 
protein synthesis occurs between 30 min and 6 h after both 
peripheral or central injection of CXM, with a peak of 
inhibition at 1 h. In experiments using CXM to modify
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behaviour, injections should be timed so that the period of 
maximum inhibition coincides with the relevant sequelae 
of behavioural manipulation under investigation. However, 
in practice these are rarely known, so that an empirical 
study of the full timecourse of CXM's behavioural effects 
is required.
The increased size of the free lysine pool in the 
forebrain at the time of maximal inhibition of protein 
synthesis is most probably due to the continued degradation 
of proteins after synthesis has been slowed down. The increased 
total radioactivity of forebrain may be due to the increased 
exchange of labelled lysine in the blood with this enlarged 
brain pool of lysine, or may be due to the brain becoming 
more permeable to blood-borne lysine, in the same way that 
higher doses of CXM appear to disrupt the blood-brain barrier 
in rats (ANGEL and BURKETT, 1971).
This raises two questions. Firstly, if the increase 
in free lysine is greater than the increase in total radio­
activity, then the average specific radioactivity of the 
free lysine pool will be lower. This would probably lead to 
an overestimation of the degree of inhibition of protein 
synthesis, however this is not certain, as it is not known 
in which cellular compartments the changes occur.
Secondly, the increase in free lysine concentration, 
and also in the concentration of other physiological amino 
acids (HAMBLEY & ROGERS 1979) may represent an important 
confounding factor in the behavioural effects of CXM. HAMBLEY 
and ROGERS(1979) have shown that certain amino acids, some of
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which are products of protein degradation, can have similar 
long-term effects on behaviour to those induced by CXM in 
young chicks (ROGERS, et al,1974).
The results of the unilateral injections suggest 
that it is not possible to localize the biochemical effects 
of CXM when it is injected intracerebrally, even in doses as 
low as 5yg in a volume of only 5yl. Within 5 min of injection 
of this dose, the drug had not only reached other brain regions, 
but was already exerting its inhibitory effect. This makes it 
difficult to interpret the unilateral inhibition of memory 
formation reported by BELL and GIBBS(1977) and the long-term 
unilateral effects reported by ROGERS and ANSON(1979). Doses 
used in these studies would have resulted in inhibition of 
protein synthesis throughout the brain. However the possibility 
that unilateral intracerebral injection of CXM results in 
a localized region of very high inhibition is suggested by 
the results of GIBBS, et al,(1979). They measured leucine 
incorporation over a 5 min period, 25 min after unilateral 
injection of lOyg CXM in a volume of lOyl. They found similar 
results to those reported here when the label was injected 
into the pericardial cavity, but differences between the CXM- 
injected and non-injected sides of the forebrain were 
apparent when the label was also injected intracerebrally.
Since intracerebral injection of label can be expected to 
preferentially label the area around the site of injection, 
then this result can be interpreted as evidence for a 
localized region of high inhibition of protein synthesis 
close to the site of injection of CXM.
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The considerable effect of cerebral injection of 
CXM on protein synthesis in body organs, and evidence of gross 
pathological changes is a further complication in the 
interpretation of behavioural effects. This is not at odds 
with the observation by BOLAS, et al(1979) that intra­
cerebral CXM can be aversive in conditioned avoidance 
experiments with chicks. Clearly performance factors such 
as motivation, activity and even tonic immobility must be 
carefully considered.
The observed behavioural differences between 
chicks held in light or darkness after injection, suggested 
that these conditions might affect the primary biochemical 
effect of CXM, ie. the inhibition of protein synthesis. This 
did not occur, but an effect on subseouent or parallel 
biochemical effects of CXM is not ruled out.
2. BEHAVIOURAL EFFECTS OF CYCLOHEXIMIDE
The most startling behavioural effect of CXM is 
that chicks held in the dark after injection, not only do 
not show any amnesia, but show an enhancement of approach 
to the stimulus during testing. On the other hand, some 
degree of amnesia (defined operationally as a decreased 
approach during test compared to saline-injected chicks) is 
evident in chicks held in the light after injection of CXM.
There appear to be two distinct effects of CXM 
in this situation. A great deal is revealed by the behaviour 
of the dark control chicks which were injected with drug or 
saline and then held in either light or darkness. In both
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cases, the CXM-treated chicks approached more than the 
saline-treated chicks. This suggests that one effect of CXM 
is to generally increase the likelihood of a chick 
approaching the stimulus during testing. This effect is 
independent of exposure to overhead light after injection, 
exposure to the imprinting stimulus or time of injection.
One possible explanation of this effect arises 
from the observations of ANSON(1980) that the dose of CXM 
used here caused attentional persistence in 2 day old chicks 
trained on the pebble floor task and in runways. Attentional 
persistance is a term used to describe animals which, once 
they begin to respond to a stimulus, will persist in that 
response longer than normal animals, and are less easily 
distracted by other stimuli. ANSON(1980) argues that this 
may be due to an effect of CXM on the chicks' endocrine 
function. If this effect is still active on the day after 
injection, then CXM-injected chicks may approach the stimulus 
faster than saline-injected chicks because they are attending 
to the stimulus with greater persistence.
CXM, administered to mice subcutaneously in doses 
which are reported to result in around 90% inhibition of 
protein synthesis, causes an increase in locomotor activity 
for 30-60 min, followed by a depression of activity which 
lasts several hours (SQUIRE, GELLER and JARVIK,1970; SEGAL, 
SQUIRT: and BARONDES , 19 71) . GUTWEIN, QUARTERMAIN and McEWEN 
(1974) confirm this and also report an increased activity 24 h 
after injection of a similar and a lower dose of CXM. If CXM 
has a similar long-term effect on activity in chicks, then
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this could explain the increased approach to the stimulus 
by CXM-injected chicks. The mechanism of this effect may be 
related to the effect of CXM on the catecholaminergic 
systems (FLEXNER, SEROTA and GOODMAN,1973; FLEXNER and 
GOODMAN, 19 75 ; MARKEY and SZE/1977; BLOOM, QUINTON and CARR,
1977) which are known to be involved in arousal functions 
(SMITH,1976).
The reactivity of chicks, which is increased by 
CXM (SANBERG, et al,1980) may also be involved in this 
general effect of CXM.
Given this general increase in approach by CXM- 
treated chicks, it is possible that any amnesic effects of 
CXM could be masked. The lesser approach of chicks held in 
the light after injection of CXM, compared to saline controls, 
was not highly significant, ie. although saline-treated chicks 
at all injection times approached significantly faster than 
controls while CXM-treated chicks were not significantly 
different to controls, there was no statistically significant 
difference between saline-injected and CXM-injected groups, 
except when the injection occurred 1 h before exposure, in 
which case there was a clear significant difference. However 
the interpretation of this as a real difference is strengthened 
by the uniformity of the differences and by the fact that the 
large general trend toward greater approach must be overcome 
before any amnesia becomes apparent. The second effect of 
CXM appears to be more specific in that the results can 
only be explained by postulating the interaction of three 
variables, the drug, the exposure to overhead light after
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the drug is given, and exposure to the imprinting stimulus.
If any one of these conditions is removed then the amnesia 
is not apparent.
These results generate many more Questions than 
they can answer. All that can be positively concluded is that 
there must be some difference in the biochemical state of at 
least certain cells, between the brains of chicks held in the 
light or dark after injection of CXM. Presumably this is the 
result of some interaction between the biochemical effects of 
CXM and the degree of visual stimulation of certain cells, 
although an interaction with other variables such as activity 
is also possible. Such an interaction between CXM and light 
is clearly evident in the work of ROGERS, et al,(1974), ROGERS 
and DRENNEN(1978). Chicks which normally became permanently 
retarded with respect to visual tasks as a result of injection 
of CXM on the second day after hatch, could be protected 
from this effect if they were held in the darkness for 3 h 
after injection.
It is difficult to draw any further conclusions 
about the specific effect of CXM. from this data, as there are 
a number of possible explanations. Some possibilities 
include stimulus-dependent retardation of the type described 
by ROGERS, et al,(1974); conditioned aversion to the stimulus, 
prevention of consolidation of the memory trace, and a state 
dependent effect of the drug combined with visual stimulation. 
Since the difference between CXM-treated and saline-treated 
chicks is only significant when injection takes place 1 h 
before exposure such that the period of a maximal inhibition
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coincides with the imprinting exposure, it may be argued 
that CXM is only affecting the ability of the chicks to 
imprint, although a trend in the same direction is seen in 
chicks injected after exposure.
GIBBS and LECANUET(1980) report disruption of 
retention of imprinting by CXM injected immediately after, 
and 5 min after exposure, but not 10 min after exposure. 
Presumably experiments were conducted during the light half 
of the 12:12 light/dark cycle, and so chicks were exposed 
to diffuse light after injection. This is the condition 
under which an amnesic effect of CXM was observed in the 
present study, however there are some differences in the 
observations. GIBBS and LECANUET(1980) found that chicks 
injected 10 min after a 10 min exposure period retained the 
memory of the experience, but in this study chicks injected 
immediately after 30 min exposure showed a disruption of 
retention, even though injection was later, in relation to 
the onset of exposure, than in GIBBS and LECANUET(1980) 
experiment. This does not support the proposal that CXM is 
disrupting consolidation of the imprinting experience.
Unfortunately, GIBBS and LECANUET(1980) did not 
use unimprinted chicks as controls for drug-treated animals, 
so any effects of drugs on following which were not related 
to exposure, such as the effect of CXM reported here, were 
not observed. Even so, it is surprising that the disruption 
of retention produced by CXM in their study is as great as 
that reported, if CXM was causing the same general increase 
in approach as was found in this study.
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These differences may be due to the slight 
difference in training and testing, ie. following a moving 
stimulus in their study as opposed to approaching a stationary 
stimulus, or the fact that GIBBS and LECANUET(1980) tested 
chicks two days after training, where a one day interval 
was used in this study. It may be that CXM has long-term 
effects which are apparent one day, but not two days after 
injection.
3. BEHAVIOURAL EFFECTS OF 2-AMINOISOBUTYRATE
The experiments using AIB clearly show that the 
drug was disruptive if given before exposure but not when 
given after exposure. The group of chicks injected with AIB 
after exposure showed greater approach than saline-treated, 
exposed chicks. This does not appear to be related to a 
general effect like that observed with CXM because there was 
no difference observed between the saline-treated and AIB- 
treated dark control chicks. However the possibility exists 
that, as in the case of CXM, the effect is dependent on the 
visual stimulation of the chicks after injection. It would 
be possible to resolve this to some extent by holding chicks 
in the light for an hour following injection of AIB 
immediately after exposure. It would be more difficult to 
resolve this problem when AIB is injected immediately before 
exposure, because the visual stimulation is the imprinting 
stimulus itself and the two variables cannot be separated 
unless the AIB is injected earlier so that a period of 
darkness or diffuse light could be interposed between injection
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and imprinting. Evidence suggests that AIB must be injected 
very close to the time of training to disrupt memory (GIBBS, 
ROBERTSON and HAMBLEY,1977).
Other possible interpretations are that an 
aversion is formed to the stimulus when AIB is injected 
beforehand, that a state dependent memory trace is formed, 
or that AIB induced a degree of sickness in the chicks which 
simply prevented them from attending to the stimulus. The 
latter explanation seems most likely since chicks injected 
with AIB before exposure were often seen standing with their 
heads drooped, sometimes with their eyes shut.
Unfortunately no measurements of approach latencies 
were made during the initial exposure, as these data should 
have been able to resolve this auestion. An alternative 
approach would be to see if AIB had an influence on- 
performance when injected immediately before testing. This 
could also provide data to test the state dependency hypothesis.
These results are contrary to the observations 
of GIBBS and LECANUET(1980) when AIB was injected immediately 
after exposure. However, there was an important difference 
in procedure since their chicks were held in light conditions 
after injection of AIB, while in the present study the chicks 
were held in the dark. There were also other differences, 
such as the 12:12 light/dark cycle at all times other than 
training and testing, compared to total darkness used in 
the present study, and the differences in apparatus and 
interval between training and testing which have already 
been discussed. A 50% higher dose of AIB was used in this 
study.
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4. GENERAL DISCUSSION
The interventive approach to the biochemical 
correlates of experience is subject to the same Questions 
about biochemical and behavioural specificity as the direct 
correlative approach.
There are two aspects to the question of 
biochemical specificity, related to the two types of effects 
which occur in addition to the primary effect of the drug. 
These are side-effects, ie. parallel effects which are quite 
different to the primary effect of the drug, and flow-on 
effects, ie. effects which are sequential to, and caused by 
the primary effect.
While the side-effects of CXM do not seem to be 
as great as those of many other antibiotic inhibitors (DUNN, 
1980), there are reports of some important effects.PANDT, 
SAMUELS and FISH(1973) found that CXM altered the electrical 
activity recorded from the midbrain reticular formationasnd 
parietal cortex of mice, as well as altering the average 
visual evoked responses from the dorsal hippocampus. Its 
effects were very similar to those of diethyldithiocarbamate, 
and inhibitor of dopamine beta hydroxylase. UNGERER, ROPARTZ 
and KARLI(1974) found that acetoxycycloheximide also 
affected electrical activity in rat hippocampus. MORRELL, et 
al,(1975) reported that CXM suppressed secondary epilepto- 
genesis in frog forebrain. It is, of course, difficult to 
know whether these are side-effects or flow-on effects, but 
often similar effects are also found with drugs which do not 
inhibit protein synthesis. In the case of CXM's effect on
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tyrosine hydroxylase activity (FLEXNER, et al,1973; MARKEY 
and SZE, 19 77) the timecourse of inhibition of the enzyme 
does not suggest that this is a direct result of inhibition 
of protein synthesis. DUNN (19 80) reviews the literature 
on CXM's effect on catecholamine metabolism quite thoroughly.
ZECK and DOMAGK(1975) have shown that CXM 
reversibly and non-competitively inhibits acetylcholinesterase 
activity in vitro at concentrations which they estimate to 
be similar to the average concentration in brain of CXM used 
in memory experiments. They also suggest that CXM may interact 
with cholinergic receptors.
The discovery, in this study, that CXM injected 
intracerebrally reaches and exerts a biochemical effect on 
liver, makes the results of WIT IT SUWANNAKUL and KIM (19 78) 
very interesting. They show that CXM accelerates glycogen 
degradation in rat liver, and that this is mediated by a 
3-4 fold rise in cAMP. As well as the possible consequences 
of this side effect, there is also the possibility that CXM 
affects cAMP levels in the brain. WOODSIDE(1976) also reports 
affects of CXM on tissue proteases and gluconeogenesis in 
rat liver.
The interpretation of apparent amnesia as the 
result of these side effects can be disputed to some extent 
by the use of a range of inhibitors of protein synthesis 
which may have quite different chemical structures and different 
modes of action.
This approach cannot however dissociate inhibition 
of protein synthesis, from its flow-on effects. The most
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obvious flow-on effect is the elevation of levels of those 
amino acids which are incorporated into protein, due to 
the continued degradation of proteins. This was observed 
in the case of lysine in this study, of tyrosine by SPANIS 
and SQUIRE(1978) and many other amino acids by HAMBLEY and 
ROGERS(1979) and RAINBOW, HOFFMAN and FLEXNER(1980). Amino 
acids have been used as amnesic agents in a number of 
tasks (VAN HARREVELD and FIFKOVA,1974; CHERKIN, ECKARDT 
and GERBRANDT,1976; HAMBLEY and ROGERS,1979; GIBBG and NG,
1977; GIBBS and LECANUET,1980) . There must also be many 
effects which flow on from the decreased levels of enzymes, 
particularly those involved in neurotransmitter metabolism 
as a result of the inhibition of protein synthesis.
The gross pathological effects of CXM on 
peripheral organs, which is likely to be a flow-on effect 
of inhibition of protein synthesis in these organs, is 
a particularly worrying complication. DUNN, GRAY and 
IUVONE(1977) could not induce a CXM-like amnesia in mice 
trained in a step-through passive shock-avoidance task 
by using peripherally administered pactamycin, which only 
inhibited peripheral protein synthesis, or emetine, which 
inhibits cerebral protein synthesis to a lesser extent than CXM. 
This suggests that CXM-induced amnesia in mice is not 
related to the effects of CXM on peripheral protein 
synthesis, but this result cannot be extrapolated to other 
studies, and needs to be reproduced for each behavioural 
situation.
The question of behavioural specificity of CXM 
is perhaps a little easier to analyse, although little has
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been done in this direction. For example, the hypothesis 
that CXM acts by causing a conditioned aversion, should be 
testable by replacing CXM with an aversive agent which does 
not inhibit protein synthesis, such as lithium chloride, as 
has been done by ANSON(1980). Appropriate experimental 
design can separate the effects of different aspects of a 
behavioural manipulation, test for state dependent effects, 
and reveal any general effects of the drug such as that 
found for CXM in this study.
There are some obvious further controls for 
experiments in this study, which time did not allow.
Referring back to FIG 5.1, it can be seen that direct 
comparison of different CXM and saline groups could be 
improved by standardizing the procedure. That is, introducing 
a 1 h period between priming and exposure in all groups, 
and controlling for the total amount of time spent in the 
light. These deficiences make a more detailed analysis of 
the data pointless, but the results discussed are clear 
despite this.
In summary, the biochemical investigations 
provide a good basis for the choice of time and route of 
injection of CXM for behavioural studies. Peak inhibition 
in forebrain is at 1 h after injection by either route, 
and protein synthesis recovers somewhat faster in 2 and 16 
day old chicks injected peripherally, than in any other 
groups. It is not possible to obtain any localization of 
the inhibitory effects of CXM with doses as low as 5yg in a
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volume of 5yl. Two flow-on effects of the inhibition of 
protein synthesis were found. Centrally, levels of free 
lysine were considerably elevated, and peripherally there 
was signs of gross pathological effects on liver and gall 
bladder. There was no effect of visual stimulation on CXM- 
induced inhibition of protein synthesis in the forebrain,
30 min after injection.
CXM was found to have two behavioural effects.
A general increase in approach during testing was observed 
in CXM-tested chicks, which was independent of exposure 
to the imprinting stimulus,or whether the chick was held 
in light or dark after injection. A specific amnesic effect 
was found to be due to the interaction of the drug, exposure 
to the imprinting stimulus and exposure to overhead light 
after injection. AIB was found to be amnesic when given 
before exposure but not when given after exposure.
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CHAPTER 6
GENERAL DISCUSSION
Newly hatched chicks display a remarkable ability 
to cope immediately with their natural environment. They have 
highly coordinated locomotor abilities, enabling them to run 
at considerable speeds within hours of hatching. They also 
possess a well developed visual system tiiat allows them to 
make the discriminations necessary so that they run in the 
correct direction for survival. Above all they combine these 
abilities in a way that allows them to quickly sum up their 
environment and, presumably on the basis of some programmed 
preferences, recognise an appropriate stimulus, the mother, 
as the object to be followed. This process is called imprinting 
and enables a newly hatched chick to survive environmental 
adversities by fleeing with its mother.
Since these responses can be produced in the 
laboratory by the presentation of an appropriate stimulus, 
this becomes a particularly inviting behaviour to study.
This task is one which is natural to the chick, and 
therefore suited to its performance capabilities, and the 
obvious adaptive importance of the behaviour, the fact that 
it occurs only during a particular developmental period, 
and its relative permanence, suggest that it may be more 
amenable to biochemical investigation than tasks which may 
be based on more trivial aspects of the chick's behaviour.
The biochemical investigations, reported in
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Chapter 3, of the development of the main regions of the CNS 
involved in vision in the chick, show that the cholinergic 
system is relatively mature in retina, optic lobe and 
forebrain at the time of hatch. The greatest burst of 
development of the cholinergic markers studied, occur during 
the' last week of incubation in optic lobe and forebrain, 
while the cholinergic development in the retina is more 
constant throughout the last two weeks of incubation. All 
markers continue to increase in total levels, albeit more 
slowly, after hatch, as brain weight, protein content and 
the number of brain cells also increase. Physiological 
studies, reviewed in Chapter 3, and behavioural observations 
indicate that the visual system of the chick is functional 
at the time of hatch. However, electrophysiological function 
continues to mature during early life, in the optic tectum 
(CORNER, et al,1967) and in the visual regions of the 
forebrain (JONES and HORN,1978). WILSON(pers. comm.) found 
cells in the visual regions of the forebrain much harder to 
drive with visual stimulation in chicks in their first week 
of life, compared to older chicks.
These descriptions of the chick at the time of 
hatch, concern an animal whose nervous system is both 
sufficiently specifically determined and yet plastic enough 
to cope with its environment, and in particular to cope with 
the task of identifying and forming a social attachment with 
its mother. What then, are the likely biochemical changes 
which may accompany and underlie this important process of
social attachment?
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The idea that changes in synaptic connectivity 
are accompanied by changes in protein metabolism is one of 
the most durable hypotheses in the literature on this 
subject. Indeed it is hard to imagine how the long-lasting 
effects of exposure to an imprinting stimulus during this 
sensitive period of development could fail to involve some 
change in protein metabolism. MARK(1979)has suggested a 
possible series of events which relate changes in electrical 
activity of cells to long-term changes in synaptic 
connectivity, ie. changes in the efficiency of synapses, 
either facilitation or repression. This model is based 
largely on the results of interventive studies of various 
chick behaviours. These results are subject to the 
limitations of the interventive technigue, but the model 
provides a useful basis for developing hypotheses. It was 
proposed that the changes in membrane potentials affect the 
uptake of amino acids which is linked in some way to the 
increased synthesis of proteins. These proteins are trans­
ported to the cells' synapses where they are incorporated 
in a way that has a long-term affect on synaptic efficiency. 
It does not seem unlikely that protein synthesis is involved 
in this way, but the major question is whether changes 
involve a general acceleration of protein metabolism or 
the increased production of specific proteins, or even 
proteins that are new to the cell. It may be that both of 
these types of changes occur. If specific types of proteins 
are required to consolidate memory, the machinery of protein 
synthesis might be stimulated in a general way to ensure that
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such important proteins are synthesized effectively and 
quickly.
These questions can be approached by looking at 
specific classes of protein, such as those that are enriched 
in particular subcellular fractions, and by directly measuring 
specific proteins, in which changes might be expected to affect 
synaptic transmission.
The question arises whether such changes are 
measurable and whether thay are sufficiently related to 
the mechanism of this modification of behaviour to be 
interesting. In particular, is it true that, as AGRANOFF, 
BURRELL, DOKAS and SPRINGER(1978) put it, any biochemical 
change which is detectable is almost certainly too large or 
too general to be associated with the memory per sei This 
is perhaps the case in some situations, but such a massive 
behavioural modification as imprinting may have measurable 
biochemical correlates of processes closely enough involved 
in the storage of this memory to shed some light on the 
relationships between biochemistry and experience.
It is clear from the results reported in Chapter 
4, that an increased synthesis and glycosylation of proteins 
does occur in young chicks exposed to an imprinting stimulus. 
An average 10% increase in the turnover of proteins over 
a period of 10 or 20 min may not represent an unreasonably 
large increase in the total amount of protein, although if 
the changes occur only in a small number of cells, then this 
would be a massive change in their metabolism. The change in 
rate of glycosylation of proteins is about 3 fold greater
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than this. Observations such as the prologation of the 
imprinting period with anaesthetics (McDONALD,19 69), 
termination of the imprinting period by the formation of 
appropriate social attachments (GUITON,1959; McDONALD,1968) 
and the general changes in a chicks behaviour during the first 
week of life, such as the increasing tendency to avoid rather 
than follow novel objects (BATESON,1964) suggest the 
possibility that imprinting may act as a trigger for a 
further stage of development of a chick's behaviour. The 
biochemical correlates of such a process may well be of 
measurable size. The fact that glycoproteins are almost 
exclusively constituents of membranes (MORGAN, GOMBOS and 
TETTAMANTI,1977) is certainly not at odds with the suggestion 
that imprinting may trigger a burst of production of membranes 
for synaptic modifications or the production of synaptic 
vesicles. A similar change in glycosylation of proteins was 
found by SUKUMAR, ROSE and BURGOYNE(1980) in chicks which 
were trained on a one-trial passive avoidance task.
Even if a biochemical event is too small to be 
measured directly it can be investigated by using a drug which 
inhibits the class of processes to which that event belongs.
In this case, it is fairly certain that the biochemical 
event is being inhibited, but the problem is in relating 
the observed changes in behaviour to the inhibition of that 
event as opposed to the other events inhibited by the drug.
This is aside from any other processes which the drug affects, 
ie. the side and flow-on effects of the drug. Bearing this in 
mind, it was found that CXM, an inhibitor of protein synthesis,
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disrupted the retention of an imprinting experience when the 
chicks were held in the light after injection. Chicks 
exhibiting this decreased tendency to approach during 
testing, had to overcome the general effects of CXM which 
were to increase approach. It seems that this may confirm 
the hypothesis that increased protein synthesis is an 
important correlate of imprinting. However, the apparent 
amnesia was only statistically significant when CXM was 
injected at a time ( 1 h before exposure) which resulted in 
maximum inhibition during exposure. It would be much more 
convincing if CXM could disrupt retention when it is injected 
so that maximum inhibition occurs just after imprinting 
exposure. In this case, it would be more justified to conclude 
that the inhibition of protein synthesis was disrupting 
the ongoing effects of imprinting rather than preventing the 
imprinting experience itself.
If CXM is exerting its effects by inhibition of 
protein synthesis, and if the uptake of amino acids is an 
important step in the activation of protein synthesis, then 
AIB, which limits supply of amino acids for protein synthesis 
might be expected to have a similar effect. In fact, it was 
found that AIB also disrupted retention of imprinting when 
given before exposure, but not when given after. Although CXM 
and AIB have related primary effects, their flow-on effects 
may be quite different, for example CXM would be expected to 
increase intracellular pools of free amino acids, while AIB 
would be expected to increase extracellular pools.In this 
regard, AIB might be expected to be more toxic than CXM
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because the excitotoxic action of amino acids is largely 
extracellular. That the two drugs do have similar behavioural 
effects both here and in other tasks (GIBBS, ROBERTSON and 
HAMBLEY,1977), suggests that their related effects on the 
synthesis of proteins from newly taken up amino acids may 
be responsible for the behavioural observations.
Obvious candidates for specific proteins which 
may affect neurotransmission are the enzymes which synthesize 
and inactivate transmitters, and the receptors which govern 
the post-synaptic effects of the transmitters.The search for 
such changes, using assays in vitro, has the advantage of 
great biochemical specificty, in that the level of one 
discrete species is being examined (if the assays are good) 
and the problems of relating activity, 'in vitro^ to that 
in vivoj are probably not as great as those of interpreting 
measurements made in vivo. On the other hand the measurement 
itself is less subtle than measuring the rate of protein 
synthesis, because absolute levels are being assayed. This 
means that a 10% change in results of the assay, represents 
a 10% change in the total content of the species in the 
particular brain region examined. Since the levels of 
choliiiergic markers are already at least 50% of adult level, 
and changing quite slowly, at this age, an increase of this 
size represents a massive effect on the cholinergic system.
It is perhaps surprising then, that such changes 
have been detected. AChE activity was found to be 35% higher 
than dark controls, 1 h after chicks were exposed to an 
imprinting stimulus in apparatus I. This effect disappears
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Within 3 h according to HAYWOOD, et al,(1975). It 
was also found that AChE activity could be depressed by about 
15% compared to dark controls, at around the same time, by 
exposing them to the same imprinting stimulus in apparatus II. 
The main difference between these apparatuses is that in 
apparatus II chicks were initially placed 5 times further 
away from the stimulus, and were allowed to approach slightly 
closer to the stimulus, than where chicks were held in 
apparatus I. This suggests that this massive change in 
cholinergic metabolism is related to some aspect of these 
behavioural situations, which is other than the exposure to 
the stimulus itself.
Some evidence for a transient increase in QNB 
binding was found. This was quite large (30%), and has also 
been observed by ROSE (pers. comm.). Similar changes in QNB 
binding have been reported in chicks trained in a one-trial 
passive avoidance task (ROSE, GIBBS and HAMBLEY,1979).While 
an increase in muscarinic receptors would fulfill the need 
for a facilitation of synaptic transmission, the size of 
the effect makes this explanation seem unlikely. The 
transiency of the effect also seems to exclude the possibility 
that long-term developmental changes have been triggered in 
the forebrain roof. However, it is possible that such an 
oversupply of receptors is a prelude to a long-term 
readjustment of receptor levels, which is not measurable by 
these methods. This would seem to be a particularly inefficient 
way to store a memory trace, but it may be a mechanism of 
triggering a long-term developemntal change.
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There is a considerable literature on the use of 
drugs which interfere with cholinergic metabolism, such as 
inhibitors of AChE and agonists and antagonists for both 
types of receptor, in the study of memory (eg. DEUTSCH,1971). 
These seem to have amounted to very little, probably because 
the cholinergic system plays many roles, both centrally and 
peripherally, in the many processes involved in the learning 
and subsequent performance of tasks.
After reviewing the literature of direct 
correlative studies, DUNN(1980) concludes that the major 
deficiency in the area is the rarity of replication of these 
experiments in different laboratories, and also questions 
the consistency of some effects within the same laboratory.
While the results of HAYWOOD, et al,(1975) and 
HAMBLEY, et al,(1977) have been replicated in this study, 
it is apparent that obtaining these effects is very dependent 
on many of the experimental parameters being exactly right.
If RNA and protein synthesis are essential processes in 
the consolidation of an imprinting experience, would it not 
be expected that these changes be detectable whenever imprint­
ing takes place, and should not inhibitors of RNA and protein 
synthesis always disrupt retention if given at the right time? 
Why then do BATESON, et al,(1972) find behavioural imprinting, 
but no change in RNA synthesis in half the chicks tested, 
the late-hatchers? Why do the difficulties in producing these 
biochemical effects seem to go well beyond the difficulties 
in producing behaviourally measurable imprinting? Why does 
CXM not disrupt retention when chicks are held in the dark
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after injection, even though protein synthesis is inhibited 
to the same degree as chicks in which retention is disrupted?
These are largely questions about the behavioural 
specificity of these effects. It is clear that changes in the 
metabolism of the forebrain roof occur when chicks are put 
into an imprinting situation. The size of these changes make 
it unlikely that the memory store itself is being detected, 
but certainly may represent essential supportive processes 
which may provide useful information about the nature of 
memory storage. The next task is to determine which of these 
effects are behaviourally closely related to the imprinting 
process, before any further attempts at biochemical refinement 
are made. The only exception to this may the case on increased 
uracil incorporation into RNA, where a reasonable degree of 
behavioural specificity has been demonstrated, but there has 
been no examination of its biochemical specificity.
The interventive approach is a useful adjunct to 
these studies, although its success depends greatly on the 
biochemical and behavioural specificity of the drug being 
used. In this study CXM was found to have behavioural effects 
which severely complicated the detection of any amnesic 
effects. However it would not be very difficult, and may prove 
quite profitable, to continue teasing apart the different 
components of CXM's effect in this situation.
The correlative and interventive approaches to the 
question of relationships between biochemistry and behaviour 
are enhanced by their use in the same behavioural situation. 
Arguments are strengthened by the demonstration that abolition
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of the actual biochemical change measured, is correlated with 
the disruption of that behaviour.
While it is important to show that results of 
correlative and interventive experiments are to some extent 
general for a number of tasks, it is also important to 
build up a large base of information about particular tasks, 
if the questions of biochemical and behavioural specificity 
are to be seriously addressed. At the moment much work still 
needs to be done on the imprinting of chicks in the laboratory, 
but other tasks should also be developed to extend these 
results. The one-trial passive avoidance task used by GIBBS 
and NG(1977) is well designed for interventive studies 
because the learning lasts only seconds and drugs can be 
administered in precise temporal relationship to the experience. 
For the same reason, this might not be expected to be a 
good task for correlative studies, however measurable changes . 
in brain metabolism have been reported (ROSE, GIBBS and 
HAMBLEY,1979; MILEUSNIC, SUKUMAR and ROSE,1979; MILEUSNIC,
ROSE and TILSON,1980; SUKUMAR, ROSE and BURGOYNE,1980). If 
these effects can be shown to be reproducible and to have 
some degree of biochemical and behavioural specificity, then 
this task may prove to be complimentary or even superior 
to imprinting for use in a combined interventive and 
correlative approach.
Although the correlative and interventive 
approaches have serious limitations and may never provide 
conclusive evidence for particular relationships between
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experience and biochemistry, they seem to be the only way 
in which such investigations can proceed at the moment.
An approach which may prove to be complimentary 
to correlative and interventive approaches, is to ignore 
the behavioural correlates of synaptic changes and concentrate 
solely on the possible basis of synaptic modification. This 
information could aid in the interpretation of correlative 
and interventive studies and provide better hypotheses for 
investigation by these methods. The chick visual system seems 
quite suitable for the investigations of synaptic relation­
ships, particularly during development, for reasons described 
in Chapter 3.
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APPENDIX A
ESTIMATION OF DISSOCIATION CONSTANTS OF BINDING OF QNB AND a- 
BTX IN DEVELOPING CHICK RETINA, OPTIC LOBE AND FOREBRAIN.
In this study, the levels of ligand binding in chick 
brain and retina were estimated by the amount of binding of a 
single concentration of the ligand. The concentration was 
chosen to be close to the value of the dissociation constant 
(K^ ) of the ligand in similar tissue, which have been reported 
in the literature. The validity of using this method to compare 
binding in different tissues and at different ages during the 
development of a tissue depends upon the K^'s of binding being 
similar in the tissues, and being constant during development. 
In order to determine whether this assumption is valid, the 
K^'s of QNB and a-BTX binding in chick retina, optic lobe and 
forebrain were determined at 13, 17 and 21 days of incubation 
and at 4 days after hatch.
For both ligands, incubations of tissue with 5 
concentrations of ligand were carried out and K^'s were 
estimated by Scatchard analysis (SCATCHARD,1949).
The QNB assays were performed in the manner described 
in the Methods section, using ligand concentrations of 0.08, 
0.15, 0.38, 0.77 and 1.54 nM.
The a-BTX assay procedure used routinely for 
estimation of binding was unsuitable for binding determination 
at lower concentrations of ligand. This is due to the limited
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capacity of the filters used for separation of bound and 
unbound ligand, which limits the amount of tissue in the assay 
and hence the total amount of radioactivity in the sample. As 
3H-a-BTX of higher specific radioactivity was not available, 
it was necessary to perform the separation by centrifugation, 
so that larger amounts of tissue could be used in the assay. 
The plastic tubes contained between 0.5 and 1.5mg of tissue 
protein, either 0.78, 0.156, 0.313, 0.625 or 1.25 nM 3H-a-BTX 
and 0.05M phosphate buffered saline (PBS) containing 2mg/ml 
bovine serum albumin (BSA) making up a final concentration 
of 500yl. Control tubes contained 1.8nM d-tubocurarine. The 
incubation at room temperature was determined after 2h by the 
addition of 3ml PBS+BSA and the tubes were immediately 
centrifuged at 7,000g for 15 min. The pellets were resuspended 
in a further 3ml PBS+BSA and centrifuged under the same 
conditions. This was repeated twice, with the pellets being 
transferred into glass tubes for the final wash. The pellets 
were then solubulised and counted.
An additional complication was encountered in the 
process of solubilisation of retinal tissue. The pigment 
epithelium in this tissue discoloured the final scintillation 
liquid resulting in considerable quenching which varied with 
the amount of pigment epithelium and hence with age. By 
estimating this quenching effect in suitable controls, the 
retinal counts from older (E21 and P4) chicks were adjusted. 
However as the number of counts in each sample was quite low 
attd* since the variation in quenching cannot be corrected
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completely, these data may be viewed with some caution.
The calculated K^'s and maximum concentrations of 
binding sites are shown in TABLE A.l. it is clear that the 
of QNB binding is very constant between tissues as well as 
at different ages. Similarly, the of a-BTX binding does not 
appear to consistently vary with age, although there may be 
some difference in K^'s between tissues. However all values may 
be no more than one order of magnitude and this is close to 
the resolution of the technique.
In the case of both ligands, the concentration used 
in the routine assays is only slightly greater than their K^'s 
which appear to be constant during development. Therefore it 
is possible to conclude that the values obtained are proportional 
to the maximum number of binding sites in the tissue. The 
binding values will be lower than the real maximum binding but 
the relative values and hence the shape of the developmental 
curves, shown in FIGS 3.6 and 3.7, should be correct. In fact 
the maximum concentration of binding sites calculated from the 
Scatchard plots are close to those estimated by the routine 
procedure. Only in the case of a a-BTX determination in retina 
does the routine procedure significantly underestimate the 
concentration of sites, but as was previously stated, the 
estimation of a-BTX binding in retina was the least reliable 
set of values.
It is clear that the assumption used in the 
interpretation of the binding studies is valid, and therefore 
the conclusions based on the developmental data can be accepted.
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TABLE A.1 Dissociation constant, maximum number of 
binding sites and correlation coefficient 
of the data as determined by Scatchard 
analysis for 3 brain regions in chicks 
of 4 different ages.
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APPENDIX B
MORPHOLOGY OF SUB-SYNAPTIC FRACTIONS EXTRACTED FROM SYNAPTIC 
PLASMA MEMBRANE BY DETERGENT SOLUBLISATION.
Data is presented in Chapter 3 on the presence of 
two cholinergic markers in chick synaptic plasma membrane and 
two other sub-synaptic preparations. These have been referred 
to as the synaptic junction fraction (SJ) and the post- 
synaptic density fraction (PSD), following the nomenclature 
of COTMAN, BANKER, CHURCHILL and TAYLOR(1974). The examination 
of the morphology of these fractions at the electron microscope 
level is of importance for two reasons. Firstly, to enable 
a sensible interpretation of the data presented here, and 
secondly to compare the fractions with those described in 
the literature which have been prepared by similar techniques. 
This comparison is necessary because an inconsistency in 
nomenclature has arisen in the literature. Specifically, 
the fraction extracted with 0.4% Triton X-100 is referred 
to as the synaptic complex fraction by COTMAN and TAYLOR (1972) 
and latter as the synaptic junctional complex by COTMAN, et al, 
(1974). There is however very little evidence of pre-synaptic 
material in these fractions, and COHEN, BLOMBERG, BERZINS and 
SIEKEVITX (1977), who obtain very similar fractions from dog 
cerebral cortex using 0.5% Triton, have used the label, 
post-synaptic densities. Since it is clear that the Triton 
fractions are different, morphologically and biochemically, 
to those extracted with N-lauryl sarcosinate (NLS), which 
had previously been called PSD's, considerable confusion
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has arisen.
The fractions were prepared by the method described 
in Chapter 2. The Triton extraction was carried out at the 
same concentration as the biochemical studies. The NLS 
extractions were performed using either 0.4, 1.5, or 3% final 
concentration. A 3% NLS solution was used for the biochemical 
studies, giving a final concentration of 1.5%.
The fraction obtained by Triton extraction is shown 
in FIG B.l. Dense bar-like PSD's can be seen in considerable 
concentration with some lighter structures which appear to 
be partially solubilised synaptic plasma membrane (SPM). 
Clearly there is little pre-synaptic material attached to 
any PSD.
The fractions obtained by extraction with 3 con­
centrations of NLS are shown in FIG B.2. The presence of 
a large amount of SPM in FIG B.2(a) shows that the lower 
concentration of NLS is insufficient to solubilise this 
membrane and hence it has pelleted with the PSD's. The PSD's 
are dense structures as seen in the Triton extractions. The 
fraction used in biochemical studies (FIG B.2(b)) appears 
almost devoid of SPM and the PSD's aremore diffuse than 
those produced by Triton extraction, with apparent sub- 
synaptic bodies within the PSD, as reported by MATUS, WALTERS 
and JONES (1975) and COHEN, et al, (1977). The higher 
concentration of NLS (FIG B.2(c)) disrupts the PSD's even 
further. Some SPM is still present.
These results show that the fractions used to 
examine the binding of QNB and the activity of AChE in this 
study were recognisalbe sub- fractions of the synaptic complex
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of reasonable purity, quite similar to fractions obtained 
by other workers using similar techniques. The electron 
micrographs are very similar to those of fractions prepared 
from rat (COTMAN and TAYLOR,1972; DAVIS and BLOOM,1973;
COTMAN, et al, 1974), dog (COHEN, et al, 1977) and chick 
(WEBSTER and KLINGMAN,1979).
However, as has become apparent from the literature, 
the labels used by Cotman's group are misleading. The fraction 
produced by Triton extraction contains little pre-synaptic 
material, but mostly PSD's which appear similar to those 
seen in situ (e.g. COHEN and SIEKEITZ,1978). The observation 
that these fractions can be labelled by radioactive amino 
acids and sugars which have been transported down the pre- 
synaptic axon (MORGAN, WOOLSTON and HAMBLEY,1977) suggests 
that some pre-synaptic material may be present, although the 
radioactivity could be due to the contaminating SPM. The 
biochemical data presented here and by other workers show that 
these fractions are depleted in some enzyme and receptor 
activities which ought to be associated with post-synaptic 
elements. The convention of COHEN, et al, (1977) of naming 
this fraction the PSD fraction seems the most appropriate, 
although it must be appreciated that the fractions are 
depleted in some ways and also that the fraction may contain 
some pre-synaptic material, although not necessarily attached 
to PSD's.
The fractions prepared by NLS extraction are 
clearly more heavily disrupted. The PSD's are more diffuse 
and larger than those produced by Triton extraction. This 
fraction could therefore be called a depleted PSD fraction,
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although it is not intended to imply that these are simply 
a further stage of solubilisation from the PSD's produced 
by Triton extraction. Different detergents could well 
produce fractions depleted in proteins of different character­
istics. These fractions are not labelled by pre-synaptic 
transport of amino acids or sugars (MORGAN, et al, 1977).
It is concluded that the techniques used in this 
study produce highly enriched samples of sub-synaptic 
elements. Solubilisation of synaptic plasma membrane using 
Triton X-100 produces a fraction rich in dense PSD's and 
possibly containing some pre-synaptic material as well as 
some contaminating SPM. Solubilisation with an appropriate 
concentration of N-lauryl sarcosinate can produce a fraction 
which contains more heavily disrupted PSD's. Both of these 
fractions should be studied biochemically in greater detail, 
in order to answer questions about the nature of the synaptic 
environment and in particular about the function of the 
post-synaptic density.
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FIG B.l Electron micrograph of the fraction
obtained by solubilisation of synaptic 
plasma membrane in 0.4% Triton X-100. 
Mag. = 50,000 X
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FIG B.2 Electron micrograph of the fraction
obtained by solubilisation of synaptic 
plasma membrane in,
a) 0.4%
b) 1.5%
c) 3.0%
N-lauryl sarcosinate.
Mag. = 50;0C0 X
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